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Preface

Dr. S. N. Postlethwait intrcduced audio-~taped presenta-
tions to augment the instruction in his freshman botany course
at Purdue University in 1961, His purpose - then as now - was
to offer maximum educational opportunity to students of every
background and level of aptitude or skill, even within the frame-
work of a large, multi-section class.

From its inception, the audio-tutorial concep: proved its
worth by allowing slow and average students to absorb the
course material through as many learning processes and as
many senses as necessary while freeing the rapid learner, the
well-grounded and the good reader to proceed as quickly and
in as much depth as desired.

Dr. Postlethwait accelerated the development of the audio-
tutorial program in 1962, when enrollment in his course
jumped from 380 to 480, At this time, he converted the entire
course to the multi-faceted methods approach he had devised,
centering on a supervised self-instructional laboratory. Em-
phasis was shifted from the instructor's pedantry to the stu-
dent's learning. The senior instructor was freed by the tapes
to devote his dedicated time to the real business of teaching -
inspiration, motivation, orientation, meaningful personal
contact,

A manual designed to accompany the tapes was prepared
and made available to other schools, and by 1963 a complete
course on tapes and in manuscript form was available.

Introduction of these materials occasioned widesprea.
interest among educators and triggered a flood of visits, cor-
respondence, questions and requests for further information,

This book, then, in part a detailed description of audio-
tutorial implementation at Purdue, is the natural outgrowth of
the germination of the concent, for considered use inall
science laboratory courses. It is designed to answer questions
and to serve as both invitation and blueprint for your partici-
pation in the continuing growth of a program that represents:
an unusual opportunity for improved teaching. K
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Chapter 1.
THE NEED FOR
INNOVATION IN TEACHING

Population explosion, knowledge explosion, updating of
high school teaching and a gencral increase in the awareness
of the importance of education to a successful life has intensi-
fied certain problems in education. Specifically, siudents en-
rolled in freshman courses in college now represent a great
diversity of interests, backgrounds and capacities. The prob-
lem is to provide a learning situation with enough flexibility
for each student to make adjustments suited to his individual
needs.

Population increase is worldwide and will continue until
some method is found to limit the world's birth rate. The
warld's demographers predict that we will soon run out of
living space and that something must be done. Already school
systems are becoming painfully aware of the problems that
-can be created through population explosion. Colleges and yni-
versities now enroil nearly five miilion students - more than’
double the total in 1951, It is anticipated that this number will
double again by 1970. Currently nearly half of the Americans
of the appropriate age are pursuing a higher education and
this percentage will tend to increase. College and university
officials are frantically attempting to expand facilities to ac-
commodate the onrush. Unless substantial new avenues are
found, it is a losing battle for which the only answer seems to
be limiting the enrollments to the available facilities. Under
these conditions many highly talented individuals may fail to
achieve their maximum potential.

Knowledge explosion is a natural consequence of better
communication and the rapid increase in the number of scien-
tists. In the last few decades, technological improvements
have made communication facilities available which exceed
the imagination of only a few short years ago. It is said that
there are more scientists living today than have lived in ali
the world's previous history. As their contribution is added
to the current body of information - knowledge accumulates in
geometric proportion. Incorporation of this new subject mat-
ter into the curriculum requires constant revision of course

-1-
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materials and critical attention must be given to course content
to assure inclusion of the more pertinent and newer concepts.

- Teaching methodology must be flexible enough to incorporate

easily and effectively new information as it becomes available
without disrupting the whole scheme or approach tc presenta-
tion. ,

Updating of subject matter taught in high schools and in
elementary schools has been an additional factor in the need
for developing a flexible program of presentation. Programs
sponsored by the National Science Foundation and other agen-
cies are gradually reaching some of the better schools and,
as a consequence, many of our college freshmen have heen ex-
posed to highly sophisticated courses. Therefore students
having equal capacities may differ greatly in the level of sub-
ject matter exposure. Placing these people together in one
rigid program of study often results in dulling the desire and
curiosity of the well-informed student while creating an over-
whelming and impossible situation for the student who is ill-
prepared.

The machine age has relieved man of many menial tasks.
The percentage of the population who earn their living through
physical labor has become less, and more and more people
find it necessary to make their living through the use of their
intellect. Today, only about 8% of the population is engaged
in agricultural production and this is a highly sophisticated
kind of agriculture. Thus, a college degree has become a
necessity. Moreover, many students would obtain a coilege
education at all costs considering that their failure to do so
would result in becoming a social outcast and condemn them
to a financially restricted life.

The factors discussed above along with other variables
result in a great diversity of interests, background and capac-
ity of students now entering college. In order to accommodate
this great range of students, there are three major ingredients
necessary in our teaching approach. First, it must include a -
great variety of teaching techniques, and take advantage of all
the modern communication media. Each medium must be se-
lected for use on the basis of its effectiveness and efficiency
in evoking the appropriate responses. Secondly, these media
must be made available in such a way that the students can
pace themselves, omitting those things with which they are
already familiar and spending extra time where necessary to
bring their education up to the level of their colleagues. And,
thirdly, personal contact with teaching personnel must be
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. made available to provide motivation and interest. Each activ-
ity required of the student must be analyzed in terms of the ob-
jective and all busy work which does not really contribute to
the student's progress must be eliminated. The teaching me-
thod must take into account the fact that individuals may per-
ceive ideas and concepts through different channels -~ some
can read perceptually, while others must manipulate and handle
materials to obtain an adequate understanding of the concept in-
volved. I the goals can be carefuily and critically identified,

a student arriving at these goals independently along some
avenue other than that provided by the teacher, should be ac-
corded the same respect as one who has attended carefully to
the details of a program outlined by the instructor. A teacher
can only provide guidance, facilities and motivation. The stu-
dent must do the learning. All too often, teachers develop pet
exercises or programs and every student is required to per-
form faithfully each item if he is to receive a satisfactory
grade. Often these pet approachs make little or no direct con-
tribution to the learning process or the student's needs, and only
students who are willing to conform and can properly interpret
the teachers' wishes can obtain good grades. Creative students
who will not submit to the regimentation may receive low
grades regardless of their knowledge of the subject.

A possible solution to some of these problems may involve
totally restructuring a course or even the entire curriculum of
a school. A number of colleges and high schools have already
taken steps in this direction (Munster Senior High School,
Munster, Indiana, Nova High School, Fort Lauderdale, Florida, -
St. Louis Junior College District, and St. Louis Country Day
School, St. Louis, Missouri, and Antioch College, Xenia,

Ohio to mention only a few). The limitations and restrictions

- commonly imposed by the conventional approach must be dis-
carded and prime consideration given to the needs of the indi-

vidual student. That is, one should analyze the course ob-

jectives, the kind of subject matter to be presented, the ways
or means by which it could be best made available to students,
and provide the students an opportunity to select those activi-
ties which are important and helpful to him. This is not to
suggest that effective conventional teaching techniques are to
be eliminated from the approach. It merely means that one
develops a multi-faceted, multi-sensory approach which takes
advantage of every teaching facility that can be made available.

Every conventional teaching circumstance is exploited to its

utmost. The responsibility for learning and the mechanics for
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scheduling is placed on the student. The teacher, in many
cases, is freed for the real business of teaching, i.e., the
orientation, direction elucidation, guidance, and personal con-
tact with individual students which tends to inspire and moti-
vate them to greater effort. .

The inconvenience of getting information is an impediment
to learning. It is human nature to follow the path of least re-
sistance. If the ''getting-of-knowledge' involves wearisome
busy work, or activities not associated with the information
itself, the desire for learning may be suppressed. Further,
impediments which merely delay the getting of knowledge re-
duce reinforcement and effective learning. A teaching pro-
cedure should require frequent response by the student to give
him feed-back as to his progress and then allow him to partici-
pate in the decision as to whether he has accomplished the ob-
jective. The desire for achievement and the common sense of
young people is often underestimated. Well-meaning teachers
and parents frequently frustrate the very thing they are trying
to cultivate through clinging to procedures blindly accepted be-
cause of tradition.

Five of the following chapters describe an experiment in
teaching a freshman botany course at Purdue University. An
attempt has been made to practice the philosophy set forth
above in every aspect of the course. While the procedures are
explained in minute detail, the authors do not mean to imply
that this is the only method by which satisfactory teaching can
be accomplished. However, since the results have been es-
pecially gratifying, it seemed desirable to share this informa-
tion in the hopes that others might be motivated to join in an
all-out effort to improve instruction at all levels.
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Chapter II
AN INTEGRATED
EXPERIENCE APPROACH

Definition

Emphasis on student learning rather than on the mechan- !
] ' isms of teaching is the basis of the integrated experience ap- 4
proach. It involves the teacher identifying as clearly as
possible those responses, attitudes, concepts, ideas and ma-
nipulatory skills to be achieved by the student and then design-
ing a multi-faceted, multi-sensory approach which will enable
the student to direct his own activity to attain these objectives.
The program of learning is organized in such a way that stu-
dents can proceed at their own pace, filling in gaps in their
background information and omitting the portions of the pro-
gram which they have covered at some previous time. It
makes use of every educational device available and attempts

1 to align the exposure to these learning experiences in a se-

| ; quence which will be most effective and efficient. The kind,

t number and nature of the devices involved will be dependent
1 on the nature of the subject under consideration.

3 The term, "integrated-experience', is derived from the
fact that a wide variety of teaching-learning experiences are
integrated, with provision for individual student differences,
and each experience planned to present efficiently some im-
portant aspect of the subject. In the audio-tutorial booth, the
taped presentation of the program is designed to direct the
activity of one student at a time; the senior instructor, in a
sense, becomes the student's private tutor. It is important to
emphasize at this point that the tape represents only a pro- :
gramming device and that the student is inveied in zgny kinds ’
of learning activities, Further, it should be noted that'those
: activities which by their nature cannot be programmed by the
1 audio tape are retained and presented in other ways. For ex-
i ample, guest lecturers and long films are shown in a general
; assembly session, and small discussion groups are held on a
¥ regular basis to provide for those activities which can best be
done in a small assembly. Flexibility and independence, ac- i
, companied by helpful guidance when necessary, are the key ]
A ' 7 concepts of the approach. ' :

E In the audio-tutorial system the instructor's voice is
available to the student to direct and supplement his study

-5 a ‘ 3
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effort. This does not mean that a tape lecture is given!! It
refers to an audio programming of learning experiences logi-
cally sequenced to produce the most effective student response.
Each study activity has heen designed to provide information
or skill leading to the proper performance of the next activity
or else it builds on the foundation of knowledge previously laid.
The overall set of integrated experiences includes lectures,
reading of text or other appropriate material, making observa-
tions on demonstration set-ups, doing experiments, watching
movies and/or any other appropriate activities helpful in under-
standing the subject matter. This system differs from the
written programmed instruction and the conventional lecture
laboratory approach in several important ways:

1. Most subjects require that a student receive a va-
riety of learning experiences to become properly infcrmed
about them. The conventional teaching system recognizes this
requirement and attempts to fulfill it through the scheduling of
lectures, laboratories, recitations, etc. In the integrated ex-
perience systerm, these activities can be organized in a step-
wise fashion with a reduction in the disassociation in time and
space encountered in the conventional approach, while at the
same time the logical learning progression characteristic of
written programmed instruction is retained. Further, the
learning events need not be limited to the vicarious participa-
tion of the student through his reading only, as in written pro-
grams. Hour-long lectures of necessity cover several units
of information. Some of these topics are covered more mean-
ingfully when there is associated with them, student involve-
ment through experimentation, observation, textbook reading
and other appropriate activities. The limitations of time and
physical facilities make this kind of integration unfeasible
under the conventional system but are clearly practical under
the integrated experience system utilizing audio tape pro-
gramming,

2. In the audio-tutorial booth the voice of the instructor
provides timely information, definitions and parenthetical ex-
pressions with minimal effort for the learner. These helpful
asides are often emitted from a student's study beczause of the
inconvenience involved in looking up words, and because such
thoughts seldom fit well as a part of a written text. The tone
of voice places emphasis on important points and expresses
authority not sensed through reading the written word.
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History and Development

The inception of the integrated experience system as cur-
rently employed at Purdue University was in 1961. The senior
author attempted to provide an opportunity for students with
poor backgrounds to keep up with the class by making supple-
mentary lectures on audio tape. The student could listen to
these lectures from 7:30 AM to 11:30 PM on week days and
from 12 PM to 11:30 PM on Sundays through the facilities of the
Audio Visual Department. The first tapes were purely supple-
mental lectures. During the progress of the semester, the
nature of the tape lectures progressively changed toward an
audio programming of a variety of learning experiences. At
first, only diagrams and photographs were made avaiialiie with
the tape and the student's attention was directed to various
items in these diagrams and photographs while he listened to
a discussion about them. Later the student was asked to open
his textbook and follow the text explanation whilie listening to
the instructor's discussion of the information. Thus, the
author's point of view and the instructor's point of view were
considered at the same time. Soon living plants were added
to the other materials, and ultimately the student was asked
to do experiments from the laboratory manual in context with
the study of the text and tape discussion. By the end of the
semester, a weekly learning kit was prepared and students
could do the full range of study for the week without attending
any of the formal sessions of the course. The student's re-
action was so favorable to this supplemental material that it
was decided to set up an experimental section of 36 students
who would receive all instruction programmed by audio tape.
During the second semester of 1961-62 this was done. The
experimental section met with an instructor only once each
week to take quizzes and for a discussion session. They were
required io take the same exams that were given to the con-
ventionally-taught group, and at the end of the semester, al-
though they had not done better than the conventional group,
they had done just as well. The 36 students were consulted
as to how one could best set up a study program for plant
science which would incorporate the flexibility desired yet re-

.tain the quality of instruction necessary to prepare them for

their advanced courses. As a result of these discussions, the
course in freshman botany at Purdue has been completely re-
structured to provide a maximum of student freedom for
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independent study and an opportunity for him to make adjust-
ments for his interests, background, and capacity. The items
included as a part of this program will be discussed during the
next few paragraphs.

Study Sescions

The terms lecture, recitation, and laboratory are not used
in connection with the integrated experience program in order
to emphasize the role of the student in the learning process.
The connotation one receives from the term lecture is activity
on the part of the individual who is doing the lecturing while
students are passive if involved at all. The formality of a
laboratory and recitation as conventionally conducted also im-
plies a degree of regimentation of the gtudents. Therefore,
the term study session has been adopted for use hoping that it
will place emphasis on learning rather than teaching. Four
study sessions are involved:

1. Independent study session (ISS)

. Small assembly session (SAS)

. General assembly session (GAS)
. Home study session (HSS)

> WnN

1. THE INDEPENDENT STUDY SESSION (ISS). --The
purpose of this session is to provide the student with an op-
portunity to engage in the kinds of study activities which can
best be accomplished when proceeding independently. It in-
cludes a great variety of activities which, by nature, can be
programmed by audio tape. Especially important is the in-
clusion of subject matter and procedures which are likely to
be mastered at an unequal rate by many students. It includes
such items as short tape-lectures, introduction to laboratory
materials, study of demonstration materials, examination of
specimens, performance of experiments, reading from text-
books, keying-out specimens, discussion with fellow students
and teaching assistants, viewing brief single concept films,
making microscope slides, studying specimens through the
microscope, collecting and analyzing data, setting up ma-
terials for later evaluation, and numerous other activities
commonly used in the presentation of subject matter.

The most effective use of this session is obtained when
the session is unscheduled and when the study center is
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available over a large number of hours during the day. Ideally,
the laboratory is open from 7:30 in the morning until 10:30 at
night, with the student having an opportunity to come in at his
convenience. This kird of arrangement allows the student to
take advantage of those hours in the day which normzally are
not feasibly scheduled through the registrar's office, but which
for some reason may be convenient to the student. It also en-
ables the student to spend a long block of time studying one
subject. He can study until he has achieved some measure of
mastery of the subject before scheduling forces him to termi-
nate it. Students who have a weak background can take advan-
tage of the availability of the facilities over an extended period
and those students who have been exposed to the subject matter
previously or are capable of rapid assimilation of information
are not required to spend time in the laboratory idly waiting
for other students to catch up. In other words, they are able
to do those activities which are meaningful and helpful in their
learning, at their convenience and at their own pace. It is un-
necessary for a student to remain in the study center when he
doesn’t feel well or when other studies are so pressing that he
is unable to concentrate.

Where it is not feasible to allow the students to arrange
hours because of facilities and other problems, it is possible
to have some measure of the advantages cf the unscheduled
system by having the students sign up for a portion of their
time and attend ISS on an unscheduled basis part of the time.
Piling-up which may occur under the unscheduled system may
be avoided somewhat k- publishing an hourly record of the num-
ber of students present. Students will quickly adjust their
schedules so that they will arrive when facilities are likely to
be available. Even in totally scheduled learning facilities, the
important advantages of the student proceeding independently
at his own pace and having an opportunity to do all of his study
in context, that is, not having lectures diszssociated in time
and space from laboratory activities, are possible under the
integrated experience system.

SUPERVISION. --An instructor on duty at all times is de-
sirable. He can provide special assistance or individual "help
sessions' to those who need it and explore a subject more
deeply with those students who are more advanced. The in-
structor, acting as a monitor, can also serve to keep the in-
tellectual tone of the activities at a level which approaches
the study situation in a library and reduces vandalism, loud
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; talking and other kinds of undesirable activities. Further, the
teaching assistant can maintain stocks of materials, give spe-
: | cial assistance for special kinds of problems which may be

too involved for ihe tape explanation and can call the attention
of the students to variations in the program which cannot be
included on the tape directions., The student profits by the
presence of the instructor in being able to have pertinent ques-~
i tions answered when they arise, and discussions with the in-

i structor enable both the student and the instructor to become
well acquainted. Teaching assistants also profit from this
close association. Questions which arise are pertinent ones
and the effort to explain the subject matter is rewarded im-
mediately by acknowledgement of understanding by the student
or else the instructor becomes aware of the deficiency in his
teaching procedure. Oftentimes fellow students also become
involved in the discussions and an excellent learning situation
is developed (Fig. 2.1).

Ideally, in college, a room should be made available with
reierence books, a coffee urn and smoking facilities for group
discussions which might arise de novo. The help session com-
monly scheduled under the conventional system for a late
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Figure 2.1 - Instructor discusting experiments with students.
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evening session, can now be made available to each student
and adapted to his individual needs. The initiative lies with
the student.

OPPORTUNITIES FOR INCLUSION OF UNUSUAL TYPES
OF STUDY. --Certain study activities can be included in the
ISS which are impractical under the conventional routine.
Single concept films can be used effectively and for the true
purpose for which they were designed. Technicolor 8 mm
movie projectors or Mark IV 8 mm projectors can be placed
on the demonstration table or in the booth and, when a student
has progressed to the appropriate point in his study, he can
view films especially designed to clarify the subject matter or
procedure. Such films include difficult to illustrate phenomena
(opening of a flower, time-lapse of mitosis), visual program-
ming of a technique or procedure (how to make a slide, set up
an experimental apparatus, use the microscope), and supplemen-
tal experiments not feasible with available facilities. The stu-
dent can view these films as many times as he finds it helpful
and, most importantly, they can be viewed in close association
with the other study activities related to the subject. For ex-
ample, the student can listen to the instructor's explanation of
mitosis while following diagrams and pictures in manual and
text, read about it in Scientific American articles and text,
study prepared microscope slides under the microscope, make
slides of fresh material, view time-lapse movies of mitosis,
and discuss the process with fellow students and instructors
all in a short span of time without these study events being
interrupted or disasscciated by a study of German, History,
Physics or some other unrelated topic.

The conventional laboratory involving schedules of 2-4
hours per week limit the nature of experiments to be per-
formed to those which can be done within and at the scheduled
times. Under ISS it is practical to assign experiments which

* require collection of data at irregular intervals and involving
variable spans of time, For example, a student might be
asked to set up an experiment during one week requiring col-
lection of data at daily intervals for 4 or 5 days and in another
week an experiment might involve collection of data at 3-hour
intervals over a span of 12 hours.

Special booths containing materials for supplementary
study can easily be made available. The Mark IV 8 mm movie
projector is equipped for the use of head phones and will ac-
commodate movies up to 25 minutes in length. Movies and
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audio tapes by distinguished professors on special topics can
be made available for those students who wish to pursue a sub- '
ject more deeply.

MATERIALS. --Perhaps the most effective arrangement
for tape use is to have individual carrels or study booths made
of pegboard. The details will be discussed later in the chapter
on physical facilities. Ina study center which is open from
7:30 AM until 10:30 PM, one tape player per 20 students seems
to provide adequately for the four-hour conventional equivalent
of scheduled classroom time. Each booth or carrel is equipped
with material appropriate for the week's study (Fig. 2.2). The
carrel always includes a tape player and the tape which pro-
grams the study for a given week. Additional materials, as
the subject matter may demand, include the textbook, a labora-
tory manual, live materials, experimental equipment, an 8 mm
movie film projector, microscope, demonstration set-ups,
charts, posters, diagrams, models, outlines, film strips,
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pictures, microscope slides, 2 x 2 slides, and or any other
kind of device which might be useful in explaining or demon-
strating the subject matter under consideration. Each booth
ig set-up as attractively as possible and includes ag much of
the material to be used in the study as is feasible.

Material and equipment too bulky or elaborate to be in-
cluded in the booths and expensive items which can just as well
be studied independently at some central location are placed on
a demonstration table (Fig. 2. 3).

The demonstration table should be situated so as to be
easily accessible to students from every booth (Fig. 2.4).

The demonstration table includes experimental materials
(some of which might be taken back to the booth for use in the
booth), demonstration set-ups, partially completed experi-
ments from which data is to he collected, apparatus for doing
experiments, and any other appropriate item for study (See
Chapter V). XK it is desirable to keep a record of the amount
of time each student spends in the study center, this is pos-
sible through the use of "check-in'' and "check-out" cards

(8 x 5") (Fig. 2.5).

- RS TR

Figure 2,3 - Demonstraticn table with material too bulky for inclusion in each
booth,
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Figure 2.4 - Photograph of booths and demonstration table arrangement, Dem-
onstration table is at the right side of the photograph.

A block of wood with slots numbered to correspond with
pbooth numbers can be used effectively in this regard (Fig. 2.6).
The student, on entry into the laboratory, will select his
record card from an alphabetized group of cards and record
the time of arrival at the study center. He will place the card
in the appropriate numbered slot which assigns him to a spe-
cific booth. On his departure, the student will reverse the
procedure, i.e., he will sign out indicating the time at which
he is departing and return the card to the alphabetized group

of cards.

PREPARATION OF MATERIALS. --A good plan is to

present subject matter on a weekly unit basis with'a single

' tape coinciding with a single week of study. A teaching as-
sistant after listening to the tape can plan and prepare ma-
terials to implement it. The preparation and distribution of
study materials is of great importance and must be done with
extreme care. Much of this work can be done by extra labor
personnel once the material has been arranged in a booth as
a model. The model booth arrangement along with the
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NAME ’
__ Last First Middle
Wk. | Day | Booth No. | Time In | Time Out
1

Wk.| Day |Booth No.| Time In| Time Out
2 5
3 [
4 17
L

Figure 2.5 - Check-out card.
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Figure 2.6 - Block of wood used for booth assignment.
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development of the materials on the demonstration table can
be designed by a teaching assistant.

A considerable opportunity is available to the teaching as-
sistants for creativity through the manner in which they im-
plement the tape study. A limited number of inuovations or
variations from the original design of the tape can be included
through written instructions placed in each booth or on the
demonstration table. By assigning one or two teaching as-
sistants to each weekly unit of study, the teaching assistants can
take pride in making the laboratory materials effective and ex-
cellent in appearance. Also, each teaching assistant feels
some major responsibility to the success of the presentation of
the course. By noting on the bulletin board that the laboratory
for the week is through the courtesy of a specific teaching as-
sistant, the teaching assistant gets credit for the extra effort
he may put forth in making the lab an excellent one - contrary-
wise, teaching assistants who tend to slight their job are "en-
couraged’ to do a somewhat more intensive effort,

Total supervision of all laboratory materials is under one
full-time instructor. A weekly meeting of teaching assistants
enables them to receive instructions on special details or un-
usual kinds of laboratory maierials and provides continuity to
the effort during the following week. This plan has been suc-
cessful in creating a very good relationship among the teaching
assistants and has resulted in high quality study materials.
The teaching assistants have developed many new ideas and
have made substantial contributions to the success of the en-
tire program.

QUIZZING. --While the nature of quizzing is not unique to
the audio-tutorial approach, still a few points concerning
quizzes under this system may be helpful. Some sort of weekly
quizzing is strongly recommended. A regular quiz in the
learning center is highly desirable. It is useful to et the stu-
dent know if he has made proper progress during the past
week, and it prevents the student from procrastination. The
authors have operated during the past four semesters with a
program of oral quizzing. Each student, upon completion of
his study to the point where he feels he has adequately mas-
tered the subject matter, may present himself to the instructor
on duty for an oral quiz. He may determine his readiness
through self-quizzing (Fig. 2.7), quizzes from colleagues, or
prequizzes or discussion given by the instructor. The oral
quiz is graded on the basis of 0 to 10 points. The student is
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Figure 2,7 - An electronic self-quiz board.
(Coustesy of Peter Loveland)

asked to demonstrate some skill, to expound on some principle
which he should have learned from experimental materials
available, to discuss a specimen, or, in general, show how
much he knows about any particular item which may have been
covered in the week's work, As the instructor listens and
watches, he attempts to evaluate the student's progress, If
the instructor is impressed with the high level of information
which the student has attained, he is assigned 10 points. If the
student knows absolutely nothing, of course, he is assigned 0
points. More likely, a student will fall somewhere in a range
of 5 to 10 points, 6 points being considered as a passing score,
7as a C grade, 8 as a B grade and 9 as an A grade. The test
will proceed until the teaching assistant feels that he can pro-
perly evaluate the student's knowledge, Students with whom
he has already had contact and feels competent to evaluate he
may ask to perform an exercise or to expound on some aspect
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of the subject briefly and then assign the student a grade. On
the other hand, a student who is slower in expression may
take up to 10 minutes to display his command of the subject.
The net effect of oral quizzing essentially has been to provide
the student an opportunity to prepare short talks concerning
the various topics included in the subject matter for the week.
The emphasis of study is to prepare himself by discussions
with colleagues and by delving into the subject as deeply as
possible within the time available rather than trying to out-
guess the instructor as to the number and nature of questions
which may be asked. The injustices which may result from
misevaluation are minimal and are less severe often times
than those imposed by the conventional written questions which
may be misinterpreted by the student or may require a guali-
fied answer. It gives the student experience in oral expression
and there is a better communication between the teacher and
student a3 to the exact level at which the student may have
achieved.

Since the student may take his oral exams at any time
when he feels he has mastered the subject matter, the aggres-
sive student can now complete his study in the early part of the
week or at his convenience. One big disadvantage of this type
of testing is the tendency on the part of many students to pro-
crastinate to the end of the week, such that there is a pile-up
of students for quizzing on the last days. Another factor con-
tributing to the pile-up is that many students wish to repeat
the study a number of times during the week. This problem
has been overcome fairly satisfactorily by determining the
number of students which may be quizzed over a given length
of time and having students sign up for a specific time for
their quiz during the last two days of the week. Students who
wish to be quizzed earlier in the week may do so at their con-
venience.

By the same procedure, it is possible to have students
sign up for longer summary practical exams at mid-semester
and at the end of the semester. The longer tests can be given
in the study center or in any available laboratory where the
materials can be set up on display at stations around the ¥oom,
Students can sign up for the test in groups of 25 or 50 depend- 1
ing upon the number of stations, or individually to arrive at
one-minute intervals throughout the day. Naturally the quiz- i
zing stations must be monitored by at least one or two teach- ‘
ing assistants at all times. The students may be advanced ‘
from station to station through the practical testing set-up by f
signals at minute intervals from a tape on a conventional type :
tape player. /
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While it seems to the authors that the oral type of quizzing
has considerable merit both from the point of view of the stu-
dent and the opportunity of teaching through the use of the quiz,
any other type of quizzing which will evaluate the student's
achievement and inform him of his progiess would be accept-
able. Conventional typewriiten quizzes could easily be super-
vised in this session by the teaching assisitant while he goes
about his other duties or else quizzing could be delayed until
the small assembly meeting.

In summary, the ISS is best conducted in a learning center
equipped with individual booths and under the constant super-
vision of an instructor. The student should be able to come
and go at his convenience, pacing his study to suit his ability
and his other work schedule. Subject matter is presented on a
weekly basis which is terminated for each student when he is
satisfied that he has rnastered the subject matter and has taken
a 10 point oral quiz. The student learning activities are pro-
grammed through the use of audio tape and may consist of short
lectures, explanation of charts and pictures, exercises from
the laboratory manual, making observations of demonstration
materials, discussions with other students, discussion with the
instructor on duty, viewing single concept films, and any other
item which may contribute to the progress of the student.

2., THE SMALL ASSEMBLY SESSION (SAS). --The pur-
pose of the small assembly session is to bring together a small
number of students with an experienced discussion leader to do
many of the items ordjnarily accomplished in a conventional
recitation session. It is a scheduled session which meets
routinely each week and is in charge of the same instructor
throughout the semester. The students thus become identified
with this instructor as their teacher in the course and will con-
sult with him about problems of absences, grades and other
such items needing clarification (Fig. 2.8). The instructor
becomes well acquainted with each student and keeps abreast
of his progress. He can anticipate those students who are
having difficulty and provide appropriate counseling. In keep-
ing with the basic philosophy of the audio-tutorial approach no
single format is retained for the small assembly session. The
activities in the small assembly session may be properly inte-
grated with the other study sessions and adjusted to fit the
nature of the subject matter being presented that particular
week. Therefore, a great variety of activities may be directed
by the SAS instructor. Commonly it has been the practice of
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Figure 2.8 - Instructor Hal Murray presides over a meeting of 25 in freshman
botany during SAS.

the authors to use a portion of this session for testing. Tests
given on these occasions have been of the conventional written
type. However, it is possible to carry in specimens, dia-
grams, charts, models, slides and other items which would
make the test of a more practical nature. In some cases a
major share of the period may be devoted to a help session
which will involve a discussion of homework problems or sub-
ject matter still needing clarification from the independent
study session. Commonly no new subject matter is introduced
at this session although this is a possibility if the situation
seems to warrant it. The small assembly session is an oc-
casion for clarification of announcements and informing stu-
dents of various procedures which are not covered elsewhere.
Projects involving team work or individual research as-
signments can be supervised by this instructor. During the
course of the semester students are required to do three
miniature research projects. The projects are designed to
familarize the student with the scientific method. The pro-
cedure to be followed is fully outlined in the first problem and
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progressively less directions are given for the subsequent pro-
blems. In problem one the student is told what to investigate,
what methods and materials to use, what data to collect, and
he is asked to analyze these data and write up the project as a
scientific paper. In problem two the student is told what to
investigate and what methods and materials to use, but he de-
cides what data to collect and how to analyze them and writes
up the project. In problem three the student is told what to
investigate but he decides what materials and methods to use,
what data to collect, and makes an analysis of these data and
writes up the project.

. In addition to the above, this session can be used for
group activities such as a short field trip, collection of data
from long range experiments on a semi-demonstration basis,
problem analysis, the showing of single concept films or any
other activity best suited to a small group assembly.

3. THE GENERAL ASSEMBLY SESSION (GAS). --All
students in the course assemble in a large auditorium one
hour per week on a scheduled basis. The instructor in charge
of the course directs the study during this session. This ses-
sion may include the giving of general directions and announce-
ments, long movies, guest lecturers, problem solving and
items of this nature; but most importantly, it is an occasion
for integrating and elucidating the subject matter so that the
student may appreciate its significance. The main objective
in this session is to project to the student a personality for
the course and to set an intellectual tone. Major effort is di-
rected toward motivation. All students thus become acquainted
with the senior instructor in the course and thus are able to
connect the voice on the tape with a personality. (This is not
to imply that this is the only contact of the senior instructor
with the students for he should serve as instructor in as many
small assembly sessions as possible and as a monitor in the
independent study session as well.) The general assembly
session is useful in enabling the senior instructor to become
acquainted with the students if he so desires. Each student
is photographed with his name card on 35 mm film during the
first small assembly session. Contact prints of these nega-
tives are made and these photographs are mounted cn a card-
board seating chart in the same arrangement as the students
are assigned in the general assembly session and the card-
board is placed in front of the senior instructor's office desk.
Through this means, it is possible to refer frequently to the

s N ey o s -
LT LG e . Wi T NS voile N, VW 2t T Rt ot b Ak e KEELL ik s LTk i et v

T T G o w—




i

e T N o s A Mol

R

S el 4

photographs and reinferce the association of names and faces of
the students. The association of name and face is begun by a
meeting of the senior instructor with small groups of ten stu-
dents in the greenhouse at the beginning of the course. Ten
students sign up at 15 minute intervals and the senior instruc-
tor spends two to three days in the greenhouse just becoming
acquainted with the students during the first week. Through
this initial contact, the photographs, and contact through serv-
ing as instructor in the SAS and as monitor in the ISS, it has
been possible for the senior instructor to learn the names of
75% or more of over 400 students well enough to recognize the
student and call him by name on the street or on the campus.

4, THE HOME STUDY SESSION (HSS).--1t is anticipated
that the student will do the usual amount of outside study ex-
pected in a conventional course. This, of course, would in-
ciude reading of the text, discussion of subject matter with
colleagues, and the study of outlined material and notes taken
from the independent study session, small assembly session
and general assembly session. In addition, the student ob-
tains a set of homework problems from the small assembly
session each week. The homework problems will cover the
following week's work and will serve as a basis for several
of the questions on the 20-point SAS quiz. The authors have -
not required that homework problems be written out or turned
in, for it has been our experience that the use of these as a
source of questions for the quiz is adequate motivation for stu-
dent study. Commonly, the problems will provide data and
require an analysis of these data involving an understanding of
the facts learned in the independent study session. The an-
swers to these problems may be made available to the students
through publication on a bulletin board or mimeographed on the
back of the problem sheet. This idea is patterned after the
practice in many mathematic texts which provide problems for
drill purposes with the answers in the back of the book. The
problems are useful to help the student determine if he has
learned the facts correctly and gives him practice in analyzing
data and problem solving., It places emphasis on certain points
to guide the student to important information and avoids some
of the rote memory aspect of biological study. It forces col-

laboration and discussion sessions in the student housing units
which provides excellent learning situations.

Certain Scientific American articles are assigned for out-
side reading. These articles have been carefully selected to
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supplement the reguiar text and to provide an extension of the
research experience for the student. These articles expand
the student's perspective of science and give him some idea of
the current kinds of investigations that are being conducted.
Since the information included in these articles is usually sup-
Plemental, motivation to read them is provided through the in-
clusion of bonus questions of 1-3 points on the weekly quiz.
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Chapter IIi
PHYSICAL FACILITIES

Contrary to the first impression of many people, the inte-
graied experience system is not expensive, Instead, there are
many savings in time, space, andstaff effort, once the program
is initiated and in progress. For the most part, the pregram
can be made effective with simple modificaticn of existing
laboratory facilities. Basically, there is required a learning
center or a laboratory equipped with an appropriate number of
booths, a demonstration table, a prep room, a recitation room,
a lecture hall, a greenhouse, and or an animal house if de- L
sirable. ;

Audio-Tutorial Booth

Booths can be built inex-
pensively by the use of peg-
board partitions on ordinary
’ : laboratory tables (See Fig.

‘ 3.1). When the learning cen-
ter is made available from
7:30 AM until 10:30 PM five

; days per week, cne booth per
20 students is adequate. A

; booth 48 inches tall, 36 inches

B R i SR

1 long and 20 inches deep has

) i been found satisfactory. Other
* ' dimensions might serve as

' well or better depending upon |
the type of subject being taught.
Pegboard partitions provide .
flexibility for variations in the
displaying of material as the
subject matter changes from

1 week to week, Ordinary labo-
ratory height table and chairs
are satisfactory and need no :
further comments here. The Figure 3.1 - A satisfactory type of
Kewaunee Technical Furniture  booth construction,
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Company has designed special booths for use with this system
and these are available at a nominal cost.

Each booth is equipped permanently with a tape player.
The tape player may be mounted above the working space and
operated by remote control, or it may remain on the table top
within easy access of the student. The authors have kept the
booth free of other equipment by moving in such things as a
microscope or 8 mm movie projector only on those occasions
when they are required in the study for the week (Fig. 3.2).

Tape Player

The tape player used by the authors was produced by the
Audio Visual Department at Purdue University (Fig. 3. 3),
Following is a verbatim copy of directions for the production
of these tape players written by L. D. Miller of the Audio
Visual Department of Purdue University. It is reprinted here
with his permission.

A TAPE LISTENING DECK FOR STUDENT USE

The Purdue Audio~Visual Center has a large library of taped ma-
terials that are used for individual study. Presently over 400
students per day use some of these tapes in the 58 study sta-
tions available to them. Average use time is a little under
fifty minutes for each item checked out., The tape decks, all
of one make, were selected because of their ease of. operationm,
safe handling of the tapes, moderate first cost and small main-
tenance.

To protect the recordings against erasure a play only machine
was selected. A few record-play machines are available for
those students who need them but none of the library tapes are
to be played on them,

To make & self contained unit, eliminate the heat from tubes,
and to enable us to install the amplifier inside the deck en~
closure a transistorized amplifier was tried out and accepted
for all of our future units. Happily, a saving of about $25

per unit was made by the change to transistors.

The tape deck, consolette, amplifier, battery and other items
are all standard parts obtained from local photo or electronics
parts distributors. Their assembly is not beyond the ability
of an experienced amateur and requires no specialized tools.

- .
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Figure 3.3 - Front and back view of a tape player.
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Following is a list of parts we are using:
1 ea Tape deck, Viking, half track, monaural, playback
only, model #76LP, with DPST switch instead of SPST
ea Consolette, Viking, for model #76LP deck
€a Set headphones, low impedance
ea Amplifier, audio, push-pull, Lafayette PK-544
ea Dry cell, 9 volt, RCA VS-306 or equivalent
ea Potentiometer, 10K ohm, C taper
ea Terminal strip
ea Phone jack
ea Volume control knob
Miscellaneous bolts and covered hook=-1p wire

= el et e el e

By purchasing the above in sets of eight or ten at a time, the
complete cost has been less than $115 per complete unit. As-
sembly time, after the first one, should take about two and one
half houre. A hook-up diagram will be supplied if requested
from our Center.

A few words of caution need ‘to be offered. Be sure to attach
the right wires to the switch since a connection to the wrong
side will feed 115 volts to the amplifier with resulting dam-
age to it. If hooked to the correct side of the DPST switch,
the drain on the battery stops at the same time the motor power
is cut off. Incidentally, battery life under heavy use has
been about 1.0-12 months.

A thin sheet of fiber or heavy cardboard should be cut and
fitted between the circuit board of the amplifier and the metal
consolette as the amplifier is bolted into place. It is easier
to attach the wires to the switch before the deck is fastened
to the consolette. Further, a small piece of plastic tape
should be wrapped around the switch to keep it from contacting
the frame.

The transistor amplifier output has an impedance of 8§ ohms so
that headsets of this value (or slightly higher) should be

used. A considerable mismatch will cut down on the frequency
response and/or volume. Headsets of 50 ohms can be used by
placing a 10 ohm resistor across the output terminals, A fre-
quency response of 100 to 8,000 cps is about average for the
ones we have. Tests show it to be surprisingly flat across this
range with a good signal to noise ratio. The output is adequate
to drive two headsets or a 12 inch speaker,

We have these decks installed in booths and on counters. The
former method is preferred but no great objections have been
raised when the booth is not furnished. However its omissions
with its usual soundproofing will definitely raise the room
noise level.
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Handles may be attached to the top of the consolette so that
the whole unit may be easily transported. This should be done
where the player is to be checked out by students for use in a
typical library situation. This 1is being done on some of the
‘Purdue Extension Campuses.

Other tape players can do the same job as the one mentioned
here but we suggest it to you as one way to provide an inex-

pensive, uncomplicated, tape player for self-study purposes.

The authors have found these tape players to be satisfac-
tory but by no means the only possibility for effective audio-
tutorial approach. It is possible that several other com-
mercially produced tape recorders could be converted to tape
players only and might equal these tape players in perform-
ance. These tape players have been in use for four semesters
and have been used by over 1, 200 students and still are cap-
able of giving indefinite service. Covers on the earphones be-
come worn and occasionally need to be replaced. Routine
maintenance has been required throughout the four semesters
of use.

it is anticipated that eventually the tape players will be
mounted on a shelf at the top of the booth and all tape players
will be operated by remote control by the student. While there

10
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Figure 3.4 - A schematic drawing of a tape player,
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is little vandalism with the materials in the learning center,
occasionally even goou students idly "doodle" and do some dam-
age to tape players. A footage indicator would be very useful
but has not been included on the tape players used by the au-
thors. This device would enable the student who wishes to in-
terrupt his study to record the point on the tape at which he is
stopping and on his return at some future time he could quickly
iocate this point and continue his study. Further investigation
is necessary before a strong recommendation can be made con-
cerning a most effective tape player.

Single Concept Movies

The integrated experience system provides an ideal op-
portunity for the use of single concept movies. The author's
learning center is equipped with a Technicolor 8 mm projector
for each booth (Fig. 3.5). This movie projector uses plastic
cartridges loaded with a single loop of £ilm. No rewinding is
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Figure 3.5 - Technicolor 8 mm projector and Fairchild Mark IV 8 mza pro-
Jector. Both projectors use cartridge-loaded single loop films,
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necessary and the loading process merely involves the insey-
) tion of the cartridge into tke projector and turning the "ON" :
L , switch to start the showing. When the cartridge is removed, !
‘ it serves as the storage container for the movie film and pro- ‘
tects the film from fingerprinis and dust from the surrounding
atmosphere. A number of such cartridges can be placed in ,
the booth and numbered for use at the appropriate time and in [
context with the subject matter being presented. The student
| is at liberty to play the film over as many times as is desir-
; able for him to understand the subject matter being presented.
The movie projector being used by the authors is without
. chrome trim, and does not have a retractable extension chord
or the zoom lens. It does however have the mechanism for
stopping the film at any peint so that a single frame can be
viewed a8 long as desirable.

In addition, two Mark IV 8 mm movie projectors with ;
built-in screen produced by the Fairchild Company are placed {
in special booths (Fig. 3.5). Films used in these projectors
are supplementary type films which enrich the students’ study
and enable them to go more deeply into a specific subject with-
in the limits of the library of materials available. The Mark
IV projector is equipped for sound through the use of a mag-

{ ) netic strip and can be listened to through headphones or through
’ a speaker system built into the projector. Both kinds of pro-

: jectors play an important role in the presentation of subject

f matter and are useful items of equipment.
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. ' Demonstratio-. ‘'able

l Materials which are too bulky or for some reason are not
feasibly included in the booths are placed on a demonstration
table. The demonstration table used by the authors is a very
simple one converted from old sand buoxes and supported by
ordinary wooden horses. These tables are outfitted with a
series of electrical outlets spaced two feet apart all around
the margin of the table. The tables are four feet wide by eight
feet long and two of these tables are used. The tables are
placed end to end (Fig. 3. 6) and partitioned longitudinally by a
, peghoard divider which serves as a backdrop for the mounting
k ' of charts, diagrams, and uther explanatory material as well )
: as distribution of plant material or other study items. A mor:
elaborate table including such facilities as vacuum, gas, dis-
tilled water and tap water might be more useful. Perhaps it

.
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Figure 3.6 - A demonstration table,

would be possible also to include growth chambers, a refrig-
erator, incubator and oven. While these latter items may be
desirable, they are not required in a presentation of 2 botany
course. The demonstration table needs to be placed in a cen-
tral location readily accessible to all the students from the
booths. Perhaps the best arrangement of booths within a study
center is to have the booths aligned around the walls in such a
way that all students can walk directly to the demonstration
table and so that the instructor monitoring the lab can have
quick access to all booths and give assistance without inter-
ferring with other students.

Workroom

It is highly desirable to have a workroom adjacent to the
learning center for students who are doing long-range projects.

B .
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The nature of some of the miniature research problems in-
volves the student for four to five hours of continuous experi-
mentation. Often these experiments must be done with the
student sitting at a table with a spread of equipment which can-
not be accommodated in a single booth arrangement (Fig. 3.17).
This workroom should be equipped with appropriate shelves,
various kinds of experimental materials, a sink and attendant
facilities, and a table and chairs. It is possible that this room
can also double as a prep room and maybe, on occasions of
less intensive use, it could serve as a ''break’ room for smok-
ing, coffee or cokes. This would enable the students to get in-
volved in discussions on an informal basis and become better
acquainted with each other as well as with instructors who
might be on hand.

Other Items

Items associated with tie equipping of the booths, such as
pegboard fixtures (Fig. 3.8), dropper bottles, hand-out sheets,
etc. can be stored in appropriate cabinet space. It is also
helpful to have a microscope cabinet to accomodate microscopes

Y
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Figure 3,7 - Student workroom,
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Figure 3.8 - Tape storage cabinet and pegboard fixtures,

not in use. A cabinet for storage of tapes, extra headsets, and
Spare batteries is desirable (Fig. 3. 8). A blackboard on one
end of the room is imperative for use by the instructor on oc-
casions when one to severa] students need specific and private
instruction.

It is helpful to have an instructor's desk in the study cen-
ter. This desk can serve as the home of check-in--check-out
cards, the wood block for booth assignments, a suggestion box,
and various other items of this nature,
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Chapter IV
AN INTEGRATED
EXPERIENCE SAMPLE -

This chapter includes an example of an integrated lesson
as it might be programmed for the students. The tape has
been transcribed, manual pages have been reproduced, and
the plant materials have been photographed so the reader may
partially experience the kind of programming that is possible
under the audio-tutorial setup. The unit of information to be

treated is entitled "Growth and Development" and involves two

week's work.  Only the first week's study is included. The
general assembly session, the small assembly-séssion and the
independent study session will be discusséd in appropriate
sequential relationship to the other students' activities and the
nature of the activities will be described as completely as
possible.

The Independent Study Session

The first exposure to growth and development during the
two week's study is in the independent study session. The
reader should visualize himself as having arrived at the learn-
ing center and as he reads the transcription of the tape, he
should recognize that the student would be hearing this informa-
tion presented through the earphones cf'a tape player and in
the voice of the senior instructor. The transcribed words of
the audio taped information are in small print to separate it
from the text of this book.

The audio taped lesson follows:

PLANT SCIENCE - TAPE 10 - ENTITLED PLANT GROWTH AND DEVELOPMENT

On this tape and the succeeding one our objective is to ex-
emine the most haffling yet the most intriguing problems of
biology - that is - what factors and mechanisms control growth
and development.

A plant body is derived from a single cell, zygote or
spore, through a series of highly coordinated events. On a
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cellular basis, form results fromr three major events,--

Cell division ~ its amount and the plane of division.

Cell enlargement - its amount and the direction of cellu~
lar expansion.

Cell differentiation - which may involve changes in com-
position of the cell wall and protoplast.

Since form is inherited, these cellular events must be
controlled in some way by the action of genes. Genetic in-
structions however can be greatly modified end their expression
altered by innumerable factors both internally and externally.
Perhaps it would be helpful to visualize these thoughts by use

of a diagram. Study the diagram which has been placed before
you in the booth. :

CELL CELL CELL
DIVIé-ION ENLARGEMENT OIFFERENTIATION

Ouration Ouration Protoplast
Orientation Orientation Wall

The cell must contain all the genetic information necessary
to control heritable traits of the mature plant. This is indi-
cated on the chart by labeling the beginning of the arrow with
the term - heredity potential. The ultimate form of the plant
is determined by the amount and planes of cell division; the
amount and direction of cell enlargement; and the nature of the
cell wall and protoplast after cell differentiation.
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The series of events giving rise to a mature piznt is not
dependent on the heredity potential alone but the srtivities of
cell division, enlargement and differentiation ars modified by
numerous factors both internal and external.

At the top of the chart is a list of some o. the extsznal
factors in five major columns. Column 1, climatic facteys,
column 2, biotic, column 3, edaphic, column 4, gravity ané col-
umn 5, pressure.

Column 1 - climatic factors include: a. light - int:asity,
quality, and periodicity. b. temperature, c. atmosphere - wind,
humidity, composition. Column 2 - biotic factors: a. social,
b. nutritive. Column 3 - edaphic: a. soil structure, b. min-
eral salts, c. water. No sub-factors are listed under columnr:

4 and 5. At the bottom of the chart are listed the interna”

factors in 4 columns. Column 1, water, Column 2, food, Cri-
umn 3, minerals, and Column 4, growth substances. Under growth
substances are listed: a. auxins, b. gibberellins, c. vitamin:,
d. inhibitors.

Note the arrows drawn from each column toward the terms
cell division, enlargement and differentiation, to indicate that
each of these factors may exercise some control over these
events and consequently influence the ultimate form of the indi-
vidual.

As you can see from the

diagram, the study of growth UNIT IX
is a very complex one. It . Plant Growth
requires that one set up ex- Develepment

periments in which only one
- In unit VLI, the importance of the faltiul transmiseion of genetic (nformation from
fac tor is var i ed but an in- cell to cell during the development of a multicellular plant body was emphasized. The
f genetic material equivalent to the !ltial cell from which It was derlved. I the (nlila}
[o} cell was & gygote it two i of ch - one set from the
such an experiment must take | axtimisionsvdoeiin ilompus oo Toonrse s i in.
into account the impac t latter cass there might be caly one gene preseit allecting & specilic tralt,
The DNA cerried in to ite control through a serier:
ANA p-llm!. Sorme proteins are enzymes and, a8 wcth?-m;l‘:ol l:l:;n:l;c:l:dmﬁi:-

mechanism of mitosis 18 such thet each cell of an organism receiven a complement of
terpretation of results et
sperm and oae set {r0m the egg. The number of chromcsomes per set varies (n diffsrent
Of there would be ai least two gence present (n each cell alfecting & spocific trait and (n ther
this variation on the many | g kmeibsed i i d Mo mute 00
Other factors influencing tlon of the a8 of cellular n 28 wuch as & differentiated coll s but &

reflectlon of it components, DNA centzols the deatiny of a celt.

OWth Coneidering the fact that all cells of an organism receive DNA equivalent (0 the
8r . Inltfal cell from which they were derived, one would expect that differentiation, of all the
cells would lend Inevitably (n the sams direction. The most casual observs (on would

Study the introductory ahaw thal (his I8 ot true, for even adjazent cells in & organiom msy be 74rikingly dif-

ferent.
How do variationa n cell types occur? This Is one of the foremost problems (n
P aragraph s top lant growth Viology, The myriad of factars Lavoived and the fole thay play a7e just beEinnIng (o be
d d 1 t i th d mﬂuhd;‘x:‘umﬁmmc next (wo weeks will Jeip (0 introduce you lo the nature
1 AN t 0,
an eve opmen n e ? ? 4 y 'lllhl.n“lqh:nl'i .’.SM e c:!‘:: ':‘", epite !M‘fﬂ e l‘l has lari
celle there ara gr: 0 of subsiances each ce! 2 measure of polarity.
manual s page 1 05 - bong .o A8 8 Large number of cells become tavalved in growih, the avaslability of Ceriala critical
smalerials may be unevenly distribted. Synthes!s would then dilfer in different cells,
Subslances diffualeg from adjacemt colls would create sti)} greater differences. 1t has
een scggesied 1hal certaln of these dif{us b may et a8 supg or
#vocMors of DNA fuactioning 80 that & pertion of & celi's complement of DNA may be in-
active at certain stages of development and active st others. Certalaly the mechanlams
are complicaled and the organiam a8 & whola must he considered in the elucidation of this
challanging problem.

»

.

TS




e

ER S O VSR NP i J

37

.\
a'-iﬁ; I .

During this inquiry we will be using some important terms,
4 some with which you are already familiar. Perhaps it would be
helpful to begin with the definition of a few of these. The
first term is growth. Growth is an irreversible enlargement of :
cells. It involves the synthesis of raw material and the as~
similation of this new material into the components of the cell. : .
On an organismal basis it may include to some degree all three
- of the basic events, cell division, cell enlargement and cell

-

g 4
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differentiation.
The second term is coleoptile - you are already familiar : !
with the term coleoptilzs but I would like to remind you that ' .y

‘ this is a modified leaf which is found in the grasses. It is :

{ at the second node just above the cotyledon and it is a leaf d
' which is cone shaped and encloses all of the other leaves of the d
young grass seedling until such time tha% the seedling emetges ,
from the soil and the enclosad leaves prnetrate the enclosing
coleoptile. Because the coleoptile dozs most of its cell divi- :
sion in the early stages of ilts formation and during the latter ¢
stages only cell enlargement occurs, it has provided us with a
very sensitive unit for measuring small amounts of growth sub-
stances ‘which effect cell elongation as you will see a little
bit later when we discuss the work of Dr. Went.

The third term we would like to discuss is growth factors /
or growth substances. These substances are controlling agents
which enter the cell and influence the activities related to
1 growth. This term includes essentially all of the substances
' which influence growth. There might be included here such
things as mineral substances, although minerals have other ef~ ‘
fects than the one inferred when we speak of growth factors - i 5
vitamins, auxins, gibberellins and kinins. I will spell some ' :
of these words for you: vitamins, v-i-t-a-m-i-n-s, auxins,
a-u-x-i-n-s, gibberellins, g-i-b-b-e-r-e-l-l-i-n-s, and kinins,
k-i-n~i-n-s, ; .

) The fourth substance or term is the term hormones, and i

since we are talking about plants; we would be discussing e i
phytahormones, p-h-y-t-a-h-o-r-m-o-n-e-s, phytahormones. A ,
hormone is a controller or growth substance produced in one y R )
part of the plant and is transported or translocated to anotker o
part of the plant where it exerts its effect. It is effective
in a very small quantity.

; The fifth term is growth regulator. A growth regulator is L;th-~'
a controller of growth or growth substance which is obtained ‘
from external environment.

Perhaps- it is best to develop our study somewhat histori- i
cally for this study of plant science is a relatively young one.
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Turn to page 106 in the study manual and locate comparable dia-
grams in your text. Place these before you to help visualize
some of the early experiments performed in learning about plant
hormones -

At this point the student would open his text and turn to
page 106 in his study manual (see below) and refer to the dia-
grams while he listened to the discussicn on the tape. When-
ever he desired he would stop the tape to take notcs or replay
portions as necessary to complete his understanding.

:;Wl.ﬂANTHGMM»EB
Diagrams of early experi
a b
II [ -~
¢ | ;Q
|
A0 (]3¢
3. s

The story begins with experiments of Darwin in 1880 in
which he was attempting to determine how light influences the
turning of a plant. He was actually looking for the receptor
in the plant or just exactly what area of the plant is able to
receive the light. He was looking for something like an eye
photoreceptor such as we find in animals. Diagram 1, page 106
illustrates this kind of experiment. To the left is a diagram
of an oat seedling and three locations are identified on the
coleoptile as a, b, and c.
takes place is in location c.
is the region in which the light is received one could shield

the coleoptile with one of a series of cloths (a, b, and c) con-

taining windows which would allow the light to be received at
specific areas on the coleoptile tip. When the cloth (a) is
used, light strikes the coleoptile at (a). When cloth (b) is

The actual area in which the turning
To determine whether or not this
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used, light strikes the coleoptile at (b) and when cloth (c) is
used, light strikes the coleoptile at (c). There is no turning
of the coleoptile tip toward the light when the light strikes
the coleoptile at (b) or (c), but when the window is placed be-
fore the region (a) so the light falls on the very tip of the
coleoptile soon thereafter the coleoptile begins to bend toward
the light and the region of the bending, of course, is in region
(b) and region (c). Darwin was at a loss to explain why the
plant turned toward the light even though he had located the 4
1 region which was receptive to light. It remained for some ex-
periments to be done considerably later which gave us some idea
of how this movement may occur. If one were to cut off the
coleoptile tip as we show in diagram 2A leaving the stump at (b),
the stump will not elongate any more or at least only a small 2
g amount whereas, if one cuts off the tip and then replaces it as

i shown at (c), the coleoptile stump will elongate for a short

7 time as if no cutting had been done. Diagram 3 illustrates that
a piece of mica or other impermeable material inserted on the
lighted side of a coleoptile and just below the light sensitive
area will not prevent bending of the coleoptile toward the light.
In contrast, mica inserted similarly on the shaded side of the
coleoptile will prevent turning toward the light.

How might one interpret such results? Does the plant re- |
sponise involve nerve cells? Severing nerve connections between
the receptor (a) and the location of the response (c) should
prevent any nerve dependent reaction. What does the illustration
at 2 suggest in this regard? Replacement of the coleoptile re-
stores the ability to elon~
gate; therefore, some sub- 107
stance produced in the apex

1 (a) must be able to move @ ;Q S 1
4. 2 _

ot AR

across the juncture between

3 the coleoptile apex and its A ; . -
f stump. From the illustrations c

‘ in diagram 3 it is implied —

ﬁ that the substance hypothe- 5 éiaj =

sized from diagram 2 must ac-
cumulate on the shaded side

of the coleoptile and move to
location (¢) and there cause

the bending reaction. O % \‘ﬂ

‘ Turn now please to page . .
107. . |‘T| :
The student would turn a %
his attention to the diagrams 0 (:0 Q_ .
1 on page 107 in the study &
manual. 6 'c:l y -

..
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The illustrations in diagrams 4 and 5 represent experiments 3
which vary slightly in design from those in 3 but essentially : ;
they confirm and elaborate the ideas learned in 3. Dr. Went '
(1928) showed that the substance produced in the tip of the 2
coleoptile can be collected in agar blocks and that its distri- :
bution in the block corresponds to its distribution within the i
apex. The illustrations in diagram 4 indicate that an apex ?
placed on an agar block (A) and irradiated with unilateral light '
(light from one side) (B) will impart to the agar block the sub- :
stance so distributed that when the block is placed on a cole-
optile stump (C), it will cause the stump to react as if it were
an intact coleoptile receiving unilateral light. s

It was apparent that some chemical substance must be pro-
duced in the apex of coleoptiles which became unevenly distri-
buted under the influence of unilateral light and when the agar 2
block was removed at the appropriate time, it contained this 3
chemical substance in comparable concentrations .to that of the
original apex. Kd&gl and Haagen~-Smit analyzed the substance
and identified it as indoleacetic acid. Since it promoted cell
elongation, it was called "auxin".

»

Dr. Went, through an ingenious application of his tech-
nique, devised a bioassay for growth substances involving the
use of oat coleoptiles and agar blocks. The substance to be
tested for growth activity was placed in a small agar block and
the block placed on one side of a previously prepared coleop-
tile. The coleoptile was prepared by growing oat seedlings at ;
a certain stage of development in red light and by removing the
auxin producing apex. If the substance in the block had growth
activity, the coleoptile would bend in direct relation to the
amount of the substance present, The angle of curvature was :
taken as an index to the amount of activity of the substance. |
This test - becsuse of its great sensitivity to small quantities
of growth substances - became a standard test and is still used
effectively in critical research with growth substances.

TR AT

Diagram 5 illustrates an experiment which revealed that
more auxin was produced on the shaded side of the stem than on
the lighted side. An apex at "A" was situated so it rested on
two agar blocks separated by an impermeable strip of mica. Uni- '
lateral light B was allowed to fall on the apex as shown and :
later the two blocks were tested for growth activity by the Went '
coleoptile technique. It was shown that the agar block on the
shaded side of the apex contained wore auxin than the agar block
on the lighted side. What implications does this experiment
have for the statement that a plant seeks light?

I would like for you to attempt an analysis of the illus-
tration in diagram 6. The stippled blocks contain auxin.
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Write out your explanation and check it with me in just a few
moments - bong!!

At this point the student should study the diagram and at-
tempt an interpretation. Having done this he wouid then turn
on the tape and listen to the following explanation.

In diagram 6 the illustration at A represents a coleoptile
with a segment removed. The segment is shown at B between 2
agar blocks, the top block contains auxin. The illustration at ~
§ C shows the segment and blocks some time later and that the
f auxin has moved through the coleoptile segment from its top to
4 its bottom. The illustration at D likewise shows a coleoptile !
with a segment removed but in this instance the segment (e) has
been rotated so the base is up and the top is down. Note at F
the auxin will not move through the coleoptile in this direc=
¥ tion. In other words - the movement of auxin is polar -~ it
E moves away from the area in which it is synthesi;ed.

=t L

There are several ideas which we should learn from the dia-
grams which will be helpful in the interpretation of demonstra-
tions and experiments to be performed later. '

\ 1. A growth promoting substance called auxin (IAA) is pro- i

\ duced in the apex or meristematic area of an organ, ‘

! ‘ : ' 2. This substance is translocated from its origin to other
areas of the plant where it may affect .growth - in.
other words the substance is a hormone - a plant hor-
mone.

3. One action of a hormone is to make cells elongate - if »
cells on one side of an organ such as a stem, root, or k
coleoptile, elongate more than cells on the other side, :

\ the organ will be caused to bend. v

' 4. Light results in the movement of auxin to the shaded 4

side of the organ and destroys auxin on the lighted g
side. 1In stems this results in a turning toward the
light. '

The term for turning is tropism, t-r-o-p-i-s-m. Various
stimuli may cause a turning or tropism. The name for the phe-
nomenon of a turning is made by using an appropriate term for
the stimulus as the prefix and using "tropism" as the suffix,
e.g. if the turning 3 in relation to the source of light, the
phenomenon is called phototropism - if the stimulus is gravity,
the phenomenon is called geotropism - if the turning of the or-
gan is toward the source of stimulus, it is a positive tropism
and if it is away from the source of stimulus, it is a negative
tropism.

I would like for you to study some experiments and demon-
Strations involving tropistic responses. Please turn to page 108
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and 109 and do the exercises described. Study carefully the
displays on the demonstration table - bong!!

At this point the student would go to the demonstration
table (Fig. 4. 1) and with the study manual open to page 108
and 109 he would do the exercises and study the living plant
material shown in Figure 4, 2,

e

Lo B

Figure 4.1 - Demonstration tables showing the distribution of materials for
student study.

109

A. TAOPISMS

Exorciee ! Gool m
Orient thred cofn graine in the poettions (ndicated below ard allow 12 Kerminate. flas
:g;t the poeition of the radicle and coleoptile at the begianing {A) s after iwo days

A [ ]

What ie the hantem of in troplame?,

16 11 due 10 duferential elongation of cells cn the upper snd lower purtions of the oot
d coleoptile?

or
10 11 due 10 groater meristematic activily of the calls on une side of the rwot or
coleoptile?

or
{8 11 due te 0 muscls. l1ke contraction of certein colls? -
leihere some other explanation?

Vihat 10 an autin?

Tahimtien  Acceleration
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Figure 4.2 - 1. Sign, Remember, off with the switch on your recorder, or

2. Sign. Start here. 3. Sign, Growth. Growth is defined as an ir-
reversible enlargement of cells, The 3 aspects of 'growth are: cell division,
cell enlargement,, and cell differentiation, 4., Two large petri dishes taped
back to back with filter paper and 4-day old corn seedlings between them,

The 4 corn grains were each oriented a different way. The filter paper acts as
a wick and dips down into a container of water, S. Sign. Exer. 1, p, 108,

6. Sign. Geotropism. Note the direction of root growth and the direction of
stem growth. Can you suggest a possible mechanism? 7. Petri dish containing
a bean seedling, 8. Sign, This seed was planted upside down, Note the
orientation of the epicotyl and the root, This is an example of geotropism,

On completion of this study the student would return to the
tape and listen to a discussion of the other items on page 108
in his study manual. The discussion follows:

In exercise one you noted that the radicles turn down and
the coleoptiles turn up regardless of the original orientation
of corn grains. From the diagrams on pages 106 and 107 it was
learned that the turning of an organ is due to differential
elongation of cells within the organ and that the presence of
auxin causes elongation of cells.

The mechanism of a tropism or turning then is differential
elongation of cells within an organ in response to differential
distribution of auxin. Thé auxin distribution is influenced in
some way by an external stimulus.
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The first listed interpretation is the correct explanation.

The stimulus - gravity causes auxin to accumulate on the
lower side of the organ - radicle and coleoptile. How is it
then that one turns down and the other turns up?

The effect of auxin on elongation of cells of roots, leaves,
and stems is illustrated in the graph at the bottom of page 108.
The lines represent from left to right (and I suggest you label
them) lst line ~ roots, 2nd line - buds and 3rd line - stem.
Using this information, can you now explain why the radicle turns
down and the coleoptile turns up even though both have a higher
concentration of auxin on their lower side? According to the
graph what range of concentration of auxin would result in in-
hibition of cells in the root but be stimulating in the stem?
Auxin must be present for elongation of cells in either root,
bud or stem. What range of concentration of auxin accelerates
root cell elongation? '

What range accelerates bud cell elongation?
What range accelerates stem cell elongation?

Root cell elongation is accelerated in auxin concentrations
from approximately 10-11 ¢o 10'8; buds from 10-10 to 10-7; and
stems from 10-10 to 10-3,

The questions on pages 109 and 110 are all answerable from
observations of the experimental setup and from the preceding
discussions. Go to the demonstration table and make observations
on the experimental setups. Answer all questions posted behind
each setup., - Bong!!

The student would now go to the demonstration table and
study materials shown in Figures 4.3, 4.4, 4.5 and 4. 6, using
pp. 109 and 110 in the study manual. The instructor on duty
would give assistance if required by the student. On com-
pletion of this study the student would return to the tape for
further instructions.
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Figure 4.3 - 9. Sign, Phototropism. The plants below have been subjected :
, to different wave lengths of light. Observe the directions of growth of each {
| ; Plant in relation to the position of the light. What color of light is responsible }
y 0 . Sa s g 0 . . ¥
‘ for stimulating a positive phototropism? Suggest a possible color for the pig- !
i ment absorbing the light. What pigment might this be? 10. Four cardboard :
boxes, each containing a 2-week old kidney bean plant, Each box has had ¢
, ' 3 one side cut out and replaced by a piece of cellophane--red, blue, green, or "
, clear, Each box also has a small observation door cut into it. 11, Light N
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‘ Figure 4.4 - 12, Copy of lab oral quiz guide sheet. 13. Sign., A lanolin
" paste containing 500 ppm IAA was applied to the peticles and stems at various
places. Observe the effects of the applications. Suggest a possible mechanism,
and explain your answer. What function does lanolin play? What is used as a
" ) control? 14. One Coleus plant treated with lanolin-IAA, the other with plain
) lanolin, 15, Sign, The effects of IAA on comn coleoptiles. 16, Sign and
Plants. One corn plant treated with lanolin-IAA, the other with plain lanolin.
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! Figure 4,5 - 1. A ringstand and light, 2. An electrically powered revolving

: turntable with a 2-week old kidney bean plant placed in the center. 3., Pots

: of 2-week old soybeans, kidney beans, and buckwheat, 4. Sign. Phototropism.
: Why do these plants bend toward the light? Will the plant on the revolving tumn-
’ table bend towanrd the light?
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Figure 4.6 - 5, Poster illustrating geotropism. 7. Pots of soybeans, kidney
beans, and buckwheat lying on their sides. 6. Sign. Will there be root
growth at the optimum concentration of IAA for stem elongation?

Now do exerc1se 1 under paragraph B, pp. 110 - apical
dominance. Bong!!

Most of the instructions for doing this exercise are in
the laboratory manual The student would use his manual and

the materials provided on the demonstration table shown in
Figure 4.7, to complete this exercise.
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Figure 4.7 - 8, Bowl containing a banana that has been sliced open, 9. Sign,
The fruits of bananas develop without fertilization, hence the immature seeds
(ovules) never mature and are incapable of germinating, Above is a young
banana fruit. How are bananas propagated? 10, Four Coleus piants treated as
follows: plant no, 1-untreated; plant no. 2-terminal bud removed; plant no.
3-termiral bud removed and lanolin-IAA added to the decapitated tip; plant
no, 4-terminal bud removed and plain lanolin added to the decapitated tip.

11, Sigus. Treatments given the 4 Coleus plants are no*ad here. 12, Sign,
Apical dominance, Does the terminal bud have any effect on the development
of lateral buds? What is this effect? What sub~ance is involved? Where is
this sukstance produced? Why do people prune trees? How can you make a
tree shalier? 13.” Sign, Exercise 1, p, 110. 14, Siga, Exercise 1, p. 110,
Problem; Does a potato tuberk show apical dominance? Materials and Me-
thods: 5 white potatoes were treated as follows: potato #1-untreated, #2-cut
into pieces, each with one "eye", #3-a half inch was cut off one end, #4-a
half incl: was cut off the opposite end, #5-dipped in an aqueous solution of IAA.
Here are the 5 potatoes after 2 weeks, Explain the results obtained. Could

the expe:iment have been done with a sweet potato? (%A tuber is the swollen
tip’of an underground stem,) 15, Five bowls, each containing a potato,

Having completed the exercise the student would return to
the tape to listen to a discussion about the experiment. - The
discussion follows:
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In an intact plant - A - yhere the terminal bud is undis-
turbed - lateral buds are inhibited, The terminal bud in some
way dominates the growth of buds lower on the stem, When the
terminal bud is removed (B), the inhibition is removed and the
buds begin to grow. Substitution of auxin for the terminal bud
restores the dominating effect on the lower buds. Since the
apex is a location in which auxin is synthesized, this experi-
ment strongly suggests that the auxin produced by the terminal
bud brings auxin to an inhibitory level in the region of the
lower buds and the mechanism. of apical dominance is merely a

control of auxin concentration. This is a good example of hor-
monal control,

Perhaps variation of this mechanism may account also for
the characteristic excurrent shape of pine trees, the deliques~
cent shape of elm trees, and the columnar shape of palm trees.
The growth and development of an organism can be in part, ac-
counted for by the action of some of the substance discussed in
the beginning of this study. Before you continue your labora-

tory experiments, I would like to discuss in more or less lecture

fashion certain aspect$ of growth.

In recent years there have been no giant strides in in-
vestigating these substances; however, there has been a con-
tinuous stream of investigations which have been very helpful;
there still is a lot we need to know, but a lot has been done,
There has been a careful analysis of certain of these growth
substances and an investigation for potential growth activity
induced by compounds of like-structure and these studies have
revealed that there are a large number of compounds which may
be classed as growth factors or growth substances. There are
certain characteristics or certain configu=+ isns of the mole-
cules of these substances which are very sipycsiive of the type
of action in which they may be involved in rhe #*ant; however,
no clear cut explanation has been arrived ot as yet,

For the moment, let me remind you that all of the activi-
ties within a cell are ultimately controlled by genetic informa-~
tion located on chromesomes within the cell. The unit of this
material which controls one heritible character or trait of an
individual is called a gene. The chemical compound which ap-
pedrs to occupy the role of the pattern._or templet is called
deoxyribonucleic acid or DNA, and this substance we have already
mentioned and you are already familiar with it, You will re-
membe: in our study of cells, we said that the DNA molecule
served 'as a pattern for the Production of messenger RNA and
that the messenger RNA moved from its nuclear location to
ribosomes, and there it dictates the linking together of aminc
acids into proteins which are important in imparting character-
istics to the cell. In other words, the cell owes its peculiari-
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ties or its character to the kinds of protein compounds that have
been formed in response to the dictates of the DNA., Since an

-1 organism is constituted of many such cells and since the action -
. of a specific gene might be stimulated by the presence of ap-

{ propriate hormones, a hormome control system must regulate the

§ development and activity of an individual organism and its

parts, Thus a group of cells may function essentially as a
unit, behaving in an integrated way, that is, each cell func-
tioning individually, but its activity coordinated by the pres-
I ence of one or more growth factors appropriately balanced or .in
proper proportion to result in a characteristic way of growth
or development. « (i

The hormone control system in a.plant is a product of a series Do
of progressive and coordinated changes resulting during the ° Q{ .
growth and development of the organism from a zygote through its :
ontogenic stages. This series of events from the zygote to the
mature plant results in the formation of various hormcnes at
different times and these hormones, being located in different :
.areas, moving to different areas, and accumulating there elicit Z
from the cells a response which results in differentiation or §
specific adaptation of that area to its function. All of this f",'
is coordinated with the other parts of the organism. To say

i this in another way, I would like to call your attention again :
i o the diagram in the booth. Let us discuss it again in the 1
light of information we have just learned. The cell develops i
int6 the mature organism which we see to the extreme right ﬂ
through certain specific cellular phenonoma, that is cell divi- I
sion, cell enlargement and cell differentiation--these three }
basic steps, the general size and shape of this organism is §
going to be dependent on the duration and orientation of the
various cell divisions, the duration and orientation of the cell i
enlargements, and the specialization or changes thzt occur in
the cell wall and the protoplast of the cell--changes which we
call differentiation. These three steps are under the control 3
of the hereditary potential of the cell, that is, the DNA com- ,
, plement of that cell essentially dictates how and how much of 3
’ these things are going to occur. But there impinges on these [
: three steps a number of other factors which we have indicated 3 0
1 at the top, the external factors of climate, biotic and adaptive ’ ' '
' ? factors, gravity and pressure, all of the aspects of light, tem- ¥
perature and the atmosphere will have their effect superimposed I
on this heredity potential along with the social, nutritive, '
biotic factors, and then the various soil factors. So external o .
factors will effect the duration or orientation of cell divi- a >
E sion, the duration-orientation of ccll enlargement and the T
3 changes in the protoplast and the cell wall at maturity. These o
) factors cannot be ignored. The hereditary potential expresses

3 itself in the background of these influences. Of course, with-

‘ in the developing plant there are various internal factors which
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we have indicated in the lower part of the diagram, such factors
as water, foods, the amounts of water and food present, certain
minerals, the auxins, gibberellins, vitamine, inhibitors and
kinins ~~ all are substances which affect cell divisionr, cell
enlargement and cell differentiation. One of these, the kinins,
hasn't been demonstrated as being a natural component of plants
as yet but the effect of these substances seems to indicate that
when we develop. the adequate tecknique, we may discover that
they are indeed a natural component of plants '

’

Since all of these factors play a role in growth and de-
velopment, I think you can see that a study of growth and devel-
opment becomes a very complex and involved investigaticn.
Perhaps parts of this will be clearer as we study some specific
examples and you may want to take some notes just now. Let us
consider’ plant movements. Some texts divide plant movements
into two categories, that is plant movements which are induced
by the external environment and plant movements *which are in-
duced by internal stimili. Plant movements essgntially all re~
sult from growth. There are some exceptions to this which we
will note in just a few moments., Let us consider first those
movements which are produced by internal stimili -~ sometimes
referred to as autonomic or spontaneous movements, If you were
to place a camera immediately above a growing plant and then
take a series of photographs at regular intervals, you would see
that the plant does not grow straight up but grows in somewhat
a circular type of movement. Place cartridge 1 in the 8 mm

movie projector and obsecrve this movement speeded up through
time lapse photography. Bong!!

-

The student would now place a continuous loop cartridge-
loaded film in a projector (ideally, the projector would be in
his booth but ¢ould instead be located on the demonstration

table) and observe growth movements as long as he desired
(Figc 40 8)0
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Figure 4,8 - Student viewing a short film, The film is a single loop cartridge
loaded type and may be viewed as often and as long as he desires,

This circular type of movement is called nutation. Apparently
there is some irregular diffusion of the auxin from the tip in
which it is manufactured and this uneven flow of auxin down

through the elongating region of the organ results in a swaying

or circular movement called nutation., Study the demcnstration
material on Table 3. Bong!!

The student would turn off the tape and study items 1-5 .
located on Table 3 (Fig. 4.9 and 4. 10), _'

Figure 4,9 - A photograph of demonstration tables 3 and 4 showing the distri-

bution of materials. Subsequent figures will show close up photographs of
these materials,
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Figure 4.10 - 1. Sign. A high concentration of unknown A (from problem 1)
was put on the growing tip of this plant, The epicotyl died. Note that the
lateral buds of the primary leaves and of the cotyledons are growing, Can you
explain what has happened? Do you see why cotyledons are thought to be a
type of modified leaf and ave, hence, called seed leaves? (Further evidence
may be obtained from the cotyledons of castor beans.) 2, Two-week old
Lkidney bean plant treated with 3% phosphon in lanolin when it was 1 week old.
3. Poster showing the path followed by the nutating tip of a stem. 4, Sign,
Plant movements are of two types: (1) spontaneous-the result of internal
stimuli and relatively independent of the environment; and (2) induced-the
result of a response to stimuli coming from outside the plant, Among the ex-
térnal stimuli causing plant move ments are gravity, contact, shock, and
fluctuations in light and temperature. Spontaneous movement; nutation. In-
duced movements: (1) tropisms, (2) nastic movements, S. Sign, Nutation:
The movement of a tip of a growing stem or other organ, describing an ir-
regular path in space. 6. Sign. Tropism: A plant growth move ment in which
the direction of the movement is determined by the direction from which the
stimulus comes, 7. Sign, Nastic moverment: A plant mavement in which
the response is always the same and bears 20 relation to the direction from
which the stimulus comes. 8, African onion showing its stems twining around
a piece of wood, 9, Sign, Thigmotropism: Thigmotropism is a growth
movement made by a plant in response to contact with a solid object.

10. Dioscorea (yam) showing one of its stems twining around another stem,
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On completion of this study the student would return to the
. , following discussion on the tape.

A second type of movement is due to the response of plants
to external factors, one class of these we have discussed. in
adequate detail-i.e., tropisms. The term tropism means a turn- .
ing and tropisms are responses of plants to a stimulus in rela- E
. : tion to the direction of that stimulus or the source of that :

g . .° stimulus., Tropisms involve growth so there must be differential
cell elongation which brings about this movement. If the cells
on one side of an organ elongate more than the cells on.the
other side of that organ, this would result in a turning of that
organ away from the side in which the cells elongated the most.
Most tropisms are of this nature, We mentioned a while ago i
that light impinging on one side of a coleoptile tip brought
about an unequal distribution of the auxin within the coleoptile
so that on the shaded side of the coleoptile there was more
auxin accumulated than on the lighted side. As.a consequence
the cells on the shaded side elongate more than on the lighted
side and the tip of the plant then turns toward the light. A
~ plant does not search for light then, but it turms toward the -,
i light in response:to the differential distribution of auxin. '
The same thing is’ true with the response of plants to gravity.
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_E The tropisms take on the name of the stimulus and are
1 called phototropisms, geotropisms -- for example, a phototropism
is a light tropism with the response of a plant to unilateral
lighting and geotropism is a response of a plant organ to grav-
! ity, and then there are others such as chemotropism, hydro-~
‘ tropism, etc. Another kind of movement in response to external
o environment is called the nastic movement. A nastic movement
} is one in which the response of the plant is not in relation to
)

the direction or source of the stimulus, Some very common
o : ‘ _ nastic movements are the opening and closing of flowers, the
‘ b folding ot leaves at night, and the spréading of those leaves .
] in the day time. This results from uneven growth. In the day |
{ time, the stimulus from light results in growth in the inside
| of the petal so that the flower tends to open and then at night
1  the cells on the outside of the petals respond by gredter elonga-
tion of growth. This results in the closing of the flower. The
same seems to be true at least in part with the folding of leaves
in the night time and the opening or spreading of those leaves
during the day.
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These movements for the most part are growth movements;
however, some of this elongation may be reversible and conse=-
. S - quently due to what we call turgor movements. The leaflets of
' ' the sensitive plant are normally all extended and held into
position because of certain turgor relationships of cells at
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the base of each leaflet; however, with a sharp tap or other :

) stimulus, the leaflets will tend to fold because of a movement :

4 of water out of the cells, actually a secretion of water out of ) ‘

) the enlarged cells at the base of these leaflets, and the conse~

7l quence of this is a shrinkage of certain areas of this struc-

. i ture and a folding of each’leaflet. This movement is completely '
4 reversible, the plant recovers in a very short time and conse- . ‘ “
; quently these movements are referred to as turgor movements.

B Place cartridge 2 in the 8 mm movie projector and observe the ,
: time lapse movie of plant movemerits, then go to the demonstra- ’
1 tion table where nastic movements and turgor movements are dem-
i onstrated. Bong!! ;
. | 5
. The student would return to the demonstration table tc ob-
serve items 6-18 in Figures 4. 10, 4. 11 and 4. 12,
El
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3 Figure 4,11 - 11, Light. 12, Newspaper clipping title«! "The Mimosa Tree." '
i 13, Mimosa for students to touch, 14. Sign. Thigmonasty. Note the re- :
) sponse of the sensitive plant (Mimosa) to the touch o« your finger,
k .
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Figure 4,12 - 15. Mimosa shielded with a plastic cover to show the appear-
ance of non-stimulated leaves. 16. Oxalis covered with a box. The box has
a flap which can be raised so students can see inside. 17. Oxalis. 18. Sign,
Photonasty. The leaves of the Oxalis drcop at night, This nastic movement
is often referred to as a "sleep movement." 19, Light,

On completion of study of the above materials, the student
l ' would return to listen to the following discussion on tape.

, The movements we have just discussed are essentially all
s in response to a variation of the presence of auxin, a hormone.
In recent years a number of other growth substances have been
categorized in addition to auxins which have already been men-
tioned. I would like to take just a few moments to mention
some more specific things about these. No. 1, mineral sub~-
stances. Minerals, as you know, are components of many of the
compounds which actually constitute the plant, however, they
may be involved as catalysts or as coenzymes and their pres-~
ence may be reflected ultimately in the size and composition of
) the plant, hence some botanists would suggest that we ought to
' include minerals as growth substances. The second group, the
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vitamins (and there are a number of vitamins) may alsc be cate-
gorized as hormones. Vitamins in general must act as coenzymes.
A number of vitamins include such things as thiamin, and ribo~ . i
flavin. Riboflavin is concerned with aerobic hydrogen transfer. -
Another vitamin is nicotinic acid which serves as a precursor
for DPN. Pantothenic a¢id seems to serve as a coenzyme A pre-
cursor. Then there are a number of acids associated with nucleic
acid metabolism such as folic acid and vitamin Bjp. Another
vitamin called biotin is involved in hydrogen transfer as are
vitamins C, D, E, and K. So, vitamins are necessary for plant
growth. We do not hear much about the vitamins in plants be-
cause plants manufacture their own vitamins. There are some
exceptions to this, of course, especially in certain of the

" fungi which require vitamins obtained from their host oxr the
substrate in which they are growing.
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Group no. 3 ~ the gibberellins, are growth promoting sub-
stances which have just recently been recognized as growth :
substances in the western world and have been investigated ex- i
tensively by plant scientists because they seem to be associated '
with cell division and cell enlargement, '

Gibberellin brings about elongation of internodes so that

certain plants which tend to grow as a rosette when treated with F
gibberellic acid will develop elongated internodes and look much ;
like other plants which have either a different genetic back- ¢

ground or different habit of growth. I would like for 'you to

see a demonstration of the effect of gibberellic acid. Will you
go to the demonstraticn table, please, and observe plants treated
with this substance. Bong!!

. e
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The ‘student would now study items 1-3 shown in Figure ,
4,13. ;
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, Figure 4, 13 - 1, Four-week old com, peas, and kidney beans previously
a treated with 1000 PPM gibberellic acid (K salt) dissolved in water plus 0. 194
‘ Tween 20. Several drops were put on the apex of each plant every other day
during the second week of growth. 3, Untreated corn, peas, and kidney beans.

. The student would return to listen to the tape.
\ ) A- fourth group of growth substances which ﬁerhaps should

not be included here, but we will for the moment anyhow, are
the kinins, a group of substances which seem to effect cell di-
, vision rather specifically. I have pointed out earlier that
these substances have not been shown to be present in plants;
consequently we are not really sure whether or not as yet they
< . ’ are an important growth substance in plants. ,
Another group of plant substances, no. 5, includes inhibi=-

tors, which instead of stimulating or promoting growth, actually .
' tend to inhibit growth. Maleic hydrazide is an example of one .
[ : : ' of these. There are several others and just recently there have
/ been discovered some new ones which show considerable promise

in regulating flowering and other aspects of plant growth and

development., One is 2-chloroethyltrimethylammonium chloride
. _ ‘ or the shorthand for this is CCC.
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The sixth group of substances, that is, auxzins, which we
have already discussed at some length have been of considerable
importance both from the standpoint of undexstanding growth and
development, and from the standpoint of adapting it to commer-
cial uses. Auxins seem to be involved in almost every step of
growth or development of a plant and someone has likened the
auxin effect as being somewhat analogous to rain falling on a
garden with various kinds of seeds planted in the garden. The
rain evokes a response of the seeds in various parts of the gar-
den, and comparably, auxin tends to bring about responses of
various kinds in the different parts of an organism. In each
case these responses result in the proper kinds of development
whatever it may be but auxin seems to be necessary for stimu-
lating or initiating the action. Auxin is involved in ‘the ini-
tiation of roots, the production of abscission layers (the
layers which are formed between the stem and petiole of leaves
which cause the leaves to drop in the fall), initiating the
change from vegetative production to flower production by the
apical meristem; they are involved in controlling the growth of
lateral stems or buds; and a number of other things,

There are many synthetic chemicals which cause responses
similar to the naturally occurring auxin and with investigation
of these it has been found that several of them can be put to
use commercially and applied to various agricultural practices.
On pages 111 and 112 of your study manual, there is a series of
exercises to emphasize some of the practical applications of
growth substances. Do these exercises. Bong!!

€, COUMERCIAL APPLICATIONE
Enorales 1 Rosting f cutt! Place cutlings fres five kideey besn ssodlings
hluidllthloll““. h:‘l“l‘vl o r, o
conlslaing 9.1 mg. [AA a1 (ier of O, and In oot tube
.u‘a.pvllmlﬂ. Allsr five days count
Tool be Ne. of resta
A

] J—
[ —
" Diacuse 1he offect of 1AA m rostidg of cutiings,

Whal (0 (M2 actire L] roving

Lesign s i test (be o restiag songe:

Malerials s metbuds)

Diorvasion;

The' student would study items 4-25 shown in Figures 4. 14
and 4, 15, :
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Figure 4.14 - 4. Sign. IAA--indoleacetic acid. The "ever-present," "multi-purpose"
plant hormone, This auxin is important in: (a) apical dominance, (b) leaf abscission,
(c) fruit fall, (d) phototropism and geotropism, (e) rooting, (f) fruit development,

(g) etc. 5. Sign, Plant hormones. Characteristics: (1) Produced in one part of the
plant and used in another part, (2) Exert a marked effect on the metabolism and growth
of the plant, probably acting as coenzymes, (3) Produced and used in small quantities.

6. Poster showing the similarities in structure between various growth regulators with auxin
activity, 7. Three Coleus cuttings. 8. Sign. Two fresh Coleus cuttings were obtained.
The end of one cutting was dusted with an auxin powder (Rootone). Both cuttings were
placed in moist vermiculite for 1 week, then transferred to water for the 2 weeks before the
lab. Both plants show initiation of adventitious roots. Determine which of the plants was
treated with the hormone powder. What criteria can you use to determine.your answer?
Would this have any commercial value? 9. Sign. The concentration of auxin powder is
not great enough to inhibit root growth, 10, Sign. All the leaves were removed from a
fresh Coleus cutting. The cutting was then treated with hormone powder as in the above.
Are adventitious roots initiated? In comparing this plant with the two cuttings in which the
leaves were allowed to remain, what conclusions can you suggest concerning the influence
of the leaves on root initiation? 11. Sign, Leaf abscission. The blades of several leaves
were removed and lanolin-IAA (500 PPM) was applied to the ends of the petioles. Com-
pare the treated plant with the control. What suggestions can you make concerning the in-
fluence of auxin on leaf abscission? 12, Treated and untreated Coleus plants,

¢

Figure 4. 15 - 13, Graph showing the lengths of oat coleoptiles vs. concentration of IAA.
14, Sign. Avena struight growth test. Avena (oats) were germinated in the dark. Under
red light the tips of the coleoptiles were removed and 10 mm, sections were cut from the
decapitated coleoptiles. These sections were placed in a series of solutions containing
known amounts of JAA, Once prepared, the solutions containing the 10 mm, sections were
placed in the dark for 24 hours, The sections were then rémeasured and the average lengths
were plocted as a function of conc. of IAA. From what you have learned in lab, explain
the results shown on the graph, Could the amount of IAA present in a plant extract be de-
termined by this test? Explain, Would a similar curve be obtained for Avena roots? Ex-
plain, 15, Six dishcs containing oat coleoptiles. Each dish contains a different conc, of
auxin, The concentrations are O ppm, 10°< ppm, 10-1 pPmM, 100 Ppm, 10! ppm.

16. Avena cutting tool and a paraffin block. 17. Sign. This is the type of cutting tool
used to obtain sections of uniform length (10 mm) while removing the tip (the natural auxin
source) at the same time, Avena Cutting Tool. 18. Sign. Ordinarily auxins are thought
of as stimulators of cell elongation, One might think that they are also responsible for
stimulating cell division, such as the formation of callus tissue ‘or adventitious roots. Ob-
serve the various plants below treated with lanolin-IAA, and determine whether any evi-
dence of cell division is present, What are your conclusions? 19, Two pots of kidney
bears. In one pot 500 ppm lanolin-IAA has been smeared around parts of the stems to in-
duce adventitious rooting. The plants in the other pot have been decapitated and the auxin
paste applied to jnduce callus formation. The plants were treated two weeks before the
lab. 20.. Poster showing the movement of growth substauces in plants, The root hormone
thiamin has been left off the chart as it has been included in the homework proble ms,

21, Sign. Remiader to students to keep the lab neat. 22, Sign. A problem involving
the origin and movement of a growth substance is part of this week's homework, 23. Sign.
Please observe the growth regulators display on the back table. 24. Dishes containing
split pea stems placed in water and auxin solution(3 ppm IAA or NAA), respectively.

25, Sign. The split pea test for auxins and related growth substances. Pieces of pea
seedling stems are slit longitudinally about three-fourths of their length, When placed in
water the halves of the stems curve outward, but in auxin solutions they curve inward,

The degree of curvature is proportional to the auxin concentration,
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On completion of this study the student would return to
listen to the following taped discussion.

I would like to call your attention to some commercial ap-
plications of growth substances =~ the first one, called 2,4~
dicklorophenoxyacetic acid or 2,4~D for short, is a substance
which some botanists suggest may occupy a position in a meta-
bolic pathway which normally would be occupied by the natural
auxin, and as a consequence of its competition for these meta-
bolic substances it causes plants to grow abnormally and when
applied in high enough ccncentrations will cause plants to die.
It so happens that some of the plants, such as grasses, require
a relative high concentration before they are inhibited or
killed by this si bstance. As a consequence, it can be used as
a selective weed killer, if one is attempting to kill broad leaf
plants or dicotyledonous plants which are more sensitive than
the grass.

Another example of commercial application of these sub-
stances is the rooting of cuttings. It has been possible to
use such things as indolebutyric acid and naphthyleneacetic
acid, in various combinations on stems and twigs of various
plants and induce these stems and twigs to produce roots where
the attempts at rooting of these cuitings had failed previously.
This, of course, has been of considerable use, to the horticul-
turist. We mentioned a while ago that auxins affect the forma-
tion of abscission layers and consequently when certain of these
materials are applied in the right concentration one can either
induce formation of abscission layers or prevent the formation
of abscission layers. So it has been feasible to apply certain
of these substances to prevent fruit drop, also to apply them
to cause leaves to absciss and fall from a plant. This has been
important in the defoliating of cotton plants before the cotton
is picked with the mechanical picker, also it has been useful in
preventing abnormal fruit drop in certain varieties of our fruits
where it is difficult to harvest these plants at a particular
time. Apparently certain Christmas trees are treated to prevent
the early loss of leaves after the trees have been cut prior to
Christmas time.

re

Another commercial use has been that of controlling the
dormancy of plants. In some instances the growth substances are
used to induce dormancy so that plants do not begin their growth
too early in the spring. In other instances, growth substances
have been used to reduce dormancy or break dormency, so that we
can cause plants to grow that oﬁherwise.would.nog grow under
these circumstances. o
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Other commercial uses of these substances incl
provement of fruit set and the ripening of fruit.
demonstrations on the various uses of these substan
plete the exercises on page 112 in the study manual

On the next tape we will continue our study of
and development.

This is all for this tape.
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Exercise 2
Treat ss follows:
Pot A - spray with distilled water
Potﬂé‘-?[zny with 1500 ppm 2,4-D
Pot D - spray with 5000 ppm 2,4-D
Record the renults below:
Pot 3 days 8 days 14 days
A
B
c
D

What is meant by the expression "a selective herbicide?”

Name some practical uses of herbicides.

What are uome possible difficulties with their use?

Exercise 3
you can. Study the demonstration materials.

Selective herbicides. Broad leaved (bean) and narrcw leaved (corn)
seedlings have been grown in the same pot in preparation for this demonstration.

Pot B - spray with 500 parts per million (ppm) 2, 4-dichlorophenoxyacetic scid

List as many other commercial applications of plant hormones as " i

S v Yah KT T
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The student would now study the experiments s

Fig. 4.16 and the commercial growth substance display shown !
in Fig. 4. 17,
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Figure 4.16 - 1, Sign. Com. A narrow-leaved plant. 2, Sign. Exer. 2,

p. 112, 3. Sign, 2,4-dichlorophenoxyacetic acid. Corn (narrow leaf) and
kidney bean (broad leaf) plants were sprayed with 4 different concentrations of
2,4-D, a selective herbicide. The concentrations used were 10 ppm, 500 ppm,
1500 ppm, and 5000 ppm, Compare the treated plants with the control. What
differences can you detect? Are there differences with different concentrations?
Does 2,4-D have an effect on both types of plants? Does this suggest 2 com-
mercial application? What is the action of 2,4-D when used in low concentra-
tions? 4. Sign. Bean. A broad-leaved plant. 5. Pots containing both 2-
week old kidney beans and corn. One pot was not sprayed. Each of the other
pots have been sprayed with a different solution 3 days before the lab, The
solutions weres water; 10 ppm 2,4-D; 500 ppm 2,4-D; 1500 ppm 2,4-D;

5000 ppm 2,4-D. 6., Four test tubes, each containing a bean cutting. The
test tubes contain: pure water, 0.1 mg 1AA, 1,0 mg IAA, and 10 mg IAA,
The first three tubes show rooting. The tube with 0,1 mg IAA shows the most
roots. No roots are produced in the tube with 10 mg IAA, The cuttings were
started 2-3 weeks before the lab, 7, Sign. Root initiation. The roots of
kidney bean plants were removed and the shoots placed in a series of solutjons
containing JAA. What effects are visible? Compare the concentrations with
respect to root initiation and the continued growth of the adventitious toots.
What conclusions can you make? Economic importance? 8, Sign. Exer. i,
p. 111,
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Figure 4, 17 - A display of growth substances which have been packaged com-
mercially for use in controlling certain aspects of plant growth,

The student would now fill out page 112 in his study manual,

A notice in the booth will direct each student to set up a

special experiment (Fig. 4.19) which was not included in the
manual or the tage.

Sign in the booth:
NOTE: Do this experiment after completion 'of the tape.
Problem: Can the geotropic response of a stem be overcome or
retarded by external applications of auxin?
Materials and Methods: The materials for this experiment are
located on the cart in the prep room, Carry out the
procedures as shown on the cart.
From what you have learned in lab, propose an explanation for
your results,

Sign in prep room on the cart:

Materials and Methods

Select a cup containing at least three soybean plants.
Using the applicator provided, apply a thin stzip of lanolin-
IAA five centimeters long from the tip down.
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Place a similar strip on another plant except leave a one
centimeter area exposed at the tip. In other words, start one
centimeter below the tip and apply the strip of lanolin-TAA for
five centimeters.

The third plant should serve as @ control. A five centi-
meter strip of plain lanolin should be applied from the tip
down.

If you have a fourth plant, you may apply the lanolin-IAA
in any fashion.

Once you have finished the above procedures, take your
plants and place them in a horizontal position on the shelf in
the prep room sc that the lanolin is on the uppermost side of
the stems. Make sure your cup is labeled properly with your
name and the treatments. You should return the next day and
collect your data. Use only 1 cup.

Figur: 4.18 - A photograph of student-prepared expezi ments set up one day for
srumination at 3 later dute. (Obscrvation and collection of data need not con-
form to any schedule as is normally the case under the conventional system. )
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When the student has completed the study, he may immedi-
ately present himself to the instructor for the ten point oral
quiz; take practice quizzes from fellow students, self quiz
machine or instructor; or repeat now or later any or all of the
study and take his oral quiz as late in the week as Friday even-
ing. The oral quiz will consist of a discussion of certain tor-
ics selected by the monitor from a posted list. The number of
topics discussed will be at the discretion of the instructor and
include the minimum number he feels is necessary to make a
satisfactory evaluation of the student.

The General Assembly Session

The student would attend this session at a regularly sched-
uled time on Thursday or Friday. For this unit (Growth and
Development) the authors use a guest lecturer. Dr. Marvin
Schreiber discusses the very clever experiments he performs
to discover the role of various environmental factors on growth
and development of competing plant species., His presentation
makes a smooth transition from the ecology unit covered the
previous week to this week's subject matter. He shows how
growth movements, availability of soil, water, and light, and
application of growth substances as control measures affect
development of plants. Dr. Schreiber summarizes by showing
a time-lapse movie of his investigations, many scenes of which
include striking views of plant movements during seedling
growth.

The Home Study Session

The student's home study is guided by a set of homework
problems, text assignments and Scientific American articles
assignments. The homework problems are picked up at the
previous SAS and answers are either posted, mimeographed
or otherwise made available to the student for checking his
conclusions. He is encouraged to discuss his answers thor-
oughly with instructors, fellow students, and other knowiedge-
able people.

Homework problems for the first week's study on the unit
of Growth and Development are as follows:
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will have a diiy weight which is actually less than that of
the seed from which it was grown, although the volume of the
seedling is far greater than that of the seed. A seedling
sprouted and girown in the light will have a greater dry
weight and volume than the seed from which it was grown.
Explain these diffcrences between the seeds and seedlings !
in terms of water absorption, digestion, respiration, i
photosynthesis, and growth. f

1. A scedling plant which has sprouted and grown in the dark é
]
|

9,
< ;

- )
10°0 10-® 408 109 ot g0 190 gyt 107 g0t oo !

; MOLAR AUXIN CONCENTRATION

In each of the following, put do»m the nearest molar auxin
concentration for your answer.

. The highest auxin concentration shown on the graph. '
—~—— The optimum auxir concentration for stem growth. :
An auxin concentration that would have the least effect
on stem- growth and maximally inhibit bud and root
growth,
The optimum concentration for stem growth is how many
times too high for optimum root growth?
————-An auxin concentration that would stimulate stem, bud,
; and root growth.
2 —————The lowest auxin concentration that would maximally
' inhibit root growth.
————eAn auxin concentration that would stimulate stem and bud
growth but have no effect on root growth.
!
: 3. If z plant part, such as a root, is excised from the plant
; and is placed in a nutrient solution, it will grow natu-
rally provided all the vitamins, hormones, etc. normally
supplied by the whole plant are present. Table I is a
record of an experiment involving this idea.
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Culture Soclution

Root No. Without thiamin With thiamin
Growth {(mm) Growth (mn)
1 1.0 10.1
2 0 11.0
3 0.5 9.8

Based on this data, the experimenter hypnthesized and tested
his hypothesis, obtaining the following data:.

Area Stem Girdle Petiole Girdl
Normal Plant | Defoliated Plamt | = - lole Girdle
Tested [L8. thiamin [t g. thiamin jg. thiamin
Above Girdle 9,0 0.1 11.1
Below Girdie 0.07 0.06 1.0

What was his hypothesis, and did his data prove it? What is
thiamin? Through what tissue does it move?
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4. 1In the following either complete the diagram, show what

would happen with further growth, or

explain the diagram.

O o

CORN GRAINS

A 3 ALFOR C EXPLAIN
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5.

Three dwarf corn mutants (A,B, and C) were analyzed for
auxin content and ability (+) or inability (o) to grow to
normal size when treated with naturally occurring growth
regulators. Give a logical explanation for the data in the
table below.

Plant | auxin content Growth response to added
Mg/100 coleoptiles IAA Gibberellin
Normal 0.010 - -
A 0.009 o o
B 0.008 o +
C '0.0001 + o
HOMEWORK PROBLEM ANSWERS WEEK 1

Seedling grown in the dark: dry wt. less than that of the
seed due to respirationj volume greater than that of the
seed due to Hp0 absorption.

Seedling grown in the light: dry wt. greater than that of
the seed due to photosynthesis; volume greater than that

of the seed due to Hy0 absorption. The normal sequence of
events is HypO absorption, digestion of stored food to sugar,
respiration of sugar, energy for growth. Photosynthesis
supplies the food when the stored food is gone.

10-1; 1073; 10-2; 100,000 x; 10-9; 10-6; 10-8.

Thiamin is a root growth hormone synthesized in the leaves
and translocated via the phloem to the roots where it pro-
motes growth, His data seemed to prove it,.

A. The seedling will bend toward the light.

B. The tip of the seedling receives the phototropic stimulus.

C. The auxin from the cut tips move down the sides on which
they are placed and cause the cells there to bend.

D. The tip produces the auxin which causes the beading.

E.” The plant doesn't bend since the rotation causes the
auxin to he equally distributed. :

F. Same as E. '

G. The plant bends upward since the geotropic response is
stronger than the phototropic response.

H. The coleoptiles grow up and the radicles grow down.

I. The stem and petioles will bend toward the light, and
the upper surfaces of the leaves will orient toward the
light.

J. Some of the dwarf mutants will respond and grow to nor-
mal height, others will not,.
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The plant sprayed with gibberellin will grow taller.
The broad leaf plants will die.

The sprayed tree will retain its fruit longer.

The spray will cause fruit fall.

The leaves will fall off sooner than normal.

The first pair of cuttings are evidently easy to root,
the second pair harder tc root, and the third pair very
difficult to root.

Q. The leaves produce something required for rooting.

R. Auxin induces a tumor-like growth (callus) by stimulating
cell division.

S. Auxin induces the formation of aerial adventitious roots.

T. Auxin causes the stem and petiole to bend away from the
side of application, if the concentration is optimal for
cell elongation. If the concentration is superoptimal,
the bending will be toward the side of application due to
inhibited cell elongation there.

U. The petiole on the left will soon fall off; the petiole
on the right will remain on much longer.

V. In "a" the lateral buds will sprout; in "b" they will not.

W. The lateral buds will sprout and the two cut petioles and
two cut fruit stalks will soon fall off.

X. In "a" the lateral buds will sprout; in "b" the two lower
petioles will soon fall off.

Y. Henbane normally requires a cold winter before it will.
flower. Plants artificially treated with ¢old can be
induced to flower the first year. Evidently gibberellin
can substitute for the cold requirement.

2. In "a" the flower will wither and die without producing
a fruit; in "b" and "c" a mature fruit will be produced. -

AA, In "a" little growth will occur; in "b" the stem's growth
will oe stimulated, the root's growth inhibited; in "c"
the stem will grow little while the root's growth will
be stimulated. o

"UOZ.ZE"N

Mutants A and B contain a normal amount of auxin, whereas

C contains only 1/100th of the normal smount. Evidently
mutant C has lost the ability to synthesize its own auxin.
This is supported by the fact that it grows to normal size
when given IAA, Mutants A and B don't lack auxin so some-
thing else must be "wrong" with them. Mutant B responds to

' gibberellin so perhaps it lacks the ability to synthesize

its own gibberellin. Mutant A responds to neither IAA nor
gibberellin. The reason for its inability to grow to normal
height is unknown and would require further study.
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The text assignment for this week's study is from The

Living Plant, Ray, pp. 97-106 and the Scientific American
article, "What Makes Leaves Fall, "' Jacobs.

The Small Assembly Session

The student is scheduled to meet this session on the Mon-
day or Tuesday following the study activities previously de-
scribed. The student will initiate questions and participate in
the discussion of questions asked by other students. He will
have the instructor clarify any points which are not clear over
the past week's study and make final preparation for a 20 point
quiz. The last 20 minutes of the session will be devoted to
answering questions on thefollowing quiz.

BIOLOGY 108 WEEK 1 -- UNIT IX, P I 20 pts
NAME
SAS Instructor Div. Seat No.

Compound X occurs naturally in Y plants and promotes the growth
of Y leaves in culture. Using the hypothetical data in the
table below fill in the blanks that foliow.

Area Stem Girdle . .
Normal Plant Defoliated Plant | Petiole Girdle
Tested g, X ng. X ug. X
Above Girdle 1.2 0.4 0.9
Below Girdle 12.1 11.8 12.7

A MORMONE  Compound X is probably a leaf growth__ A which
B ROOYS _ ‘is synthesized in the._B__ and translocated via
CPHIOEM the__ € to the D where it promotes
DAEAVES  growth.

—B__ A young seedling grown in the dark will have a dry
weight ((A) greater than, (B) less than, (C) equal to)
that of the seed from which it was grown due mostly to

—B () photosynthesis, (B) respiration, (C) water absorp-
tion, (D) digestion). ’

A young seedling grown in the light or dark will have a
volume ((A) greater than, (B) less than, (C) equal to)
that of the seed from which it was grown due mostly to

A

—& _  ((A) photosynthesis, (B) respiration, (C) water absorp-
tion, (D) digestion),
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Using the data in the above graph, pick out the incorrect
statement. An auxin concentration of 10-8 would (A) have
no effect on roet grewth, (B) stimulate bud and stem
growth, (C) have a lesser stimulatory effect on buds if
it were diluted 10X, (D) inhibit bud growth if it were
10X more concentrated,

Refer to the handout sheet (The Laboratory Study Sheet -
Week 1). There are six experiments and six conclusions.
Which conclusion best fitg diagram 5.

3 Pick out the one incorrect statement in each of the next 6
questions,

(A) Leaves produce a substance(s) required for the rooting
of cuttings. (B) A concentration of auxin which greatly
stimulates root cell elongation would have little or no
effect on stem cell elongation. (C) The roots formed on

@ cutting are adventitious roots, (D) Some cuttings will
root in tap Hy0, others require IAA, while others re-
quire gibberellin and IAA. (E) A concentration of auxin
that would cause a pea stem to bend would inhibit cell
elongation in a pea root.

(A) Spraying a citrus tree full of ripening fruit with
anti-auxin will stimulate fruit abscission, (B) Spray-
ing an apple tree full of ripening apples with dilute
2,4=D will prevent preharvest fruit drop. . (C) 2,4-D and
2,4,5~T are selective herbicides in that relatively high
concentrations kill narrow leaf plants while leaving
broad leaf plants unharmed, (D) The epicotyl growth
stimulant in problem 1 could have been gibberellin,

(E) Gibberellin can substitute for the low temperature
requirement in certain biennials. .

(A) Most of a plant's growth occurs at night. (B) The
tip of a growing stem describes an irregular path in
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space. (C) The folding,of the leaves of the sensitive
plant after they have been touched and the opening and
closing of certain flowers in the morning or evening are
nastic movements;- (D) The twining of a stem around a
pole is an example of a tropism. (E) A stem bends toward
light because of the difference in the rate of cell di-
vision on the shaded side compared to the lighted side,

__!L__ (A) The Sequence of information transfer when a gene is
functioning is DNA —*protein— RNA., (B) The sequence of
information transfer in cell division is DNA — DNA.

(C) Cell differentiation depends in part on the amount
and plane of cell division and the amount and direction
of cell eiongation. (D) If it were not for the fact that
different genes are functioning in different cells, dif-
ferentiation would not occur. (E) Growth, an irrevers-

- ible increase in size, involves cell division, cell
enlargement, and. cell differentiation. '

. (A) A root which bends avay from a certain chemical is
exhibiting a negative chemotropism. (B) Auxin accumulates
on the shaded side of a stem, and on the bottom sifle of a
Plant placed horizontally, (C) The auxin which .accumu-
lates on the lower side of a horizontally placed root,
inhibits cell elongation there. (D) Most of the increase
in length of a stem is due to cell division. (E) He-
redity limits what an organism can do, and environment
determines which of these things the organism will do.

rF Auxin is directly involved in all but one of the follow-
irg: (A) apical dominance, (B) rooting, (C) photo-
tropism and geotropism, (D) leaf and fruit abscission,
" (E) fruit development, (F) starch synthesis, (G) callus
tissue formation, (H) stem and root elongation,

Complete each of the following diagrams:

GIMERELLIN

4"':) IAA . SPRAY NOT ALL MUTANTS RESPOND
- petisry | ’

Lot ~(¥) , S - f‘*(f)

SCI. AMER. BONUS QUESTION

Describe the techniques used and some of the results obtained
in the article, "What Makes Leaves Fall?"
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Special Research Project

One of the three special research projects (Chap. 2) is an
investigation of the effects of a growth reguiator on certain
plants. This study will not necessarily be perfarmed coinci-
dent with this week's work but is mentioned here to call atten-
tion to the fact that the student has this additional opportunity
to extend his knowledge of growth substances. The projects
will be administered by the SAS instructor ang will be com-
pleted either in the greenhouse or in the laboratory workroom.
The following are the written directions received by the stu-
dents as a mimeographed copy.

THE EFFECTS OF A GROWTH REGULATOR ON PLANTS
BIOLOGY 108 PROBLEM NO. 1
In problem no. 1 you will be given the materials and meth-

ods to use and what data to collect. It will be left up to you
to analyze and interpret your data and make your coniclusions,

Problem: Does growth regulator A (or B) promote or inhibit the
growth of » and how great is the effect? -

Introduction:

The growth and development of a plant is influenced by many
factors. These can be divided into two groups: environmental
and biological, Environmental factors are external factors
that can influence the plant's development, such as temperature,
gravity, light, etec. Biological factors are internal factors,
and are usually a result of the genetic constitution of the
plant. Among these biological factorg are many growth regu-
lators. These chemical substances can influence the rate of
cell division, the rate of cell growth, and the extent and type
of cell differentiation,

Many growth regulators are synthesized by plants and can be
extracted and purified. Others do not exist in nature but are
synthesized by man. These substances, when extracted from one
plant, can be applied to another plant and their effects studied,
When the effects of a substance on a particular plant are well
known, the concentration of said substance in an unknown solu=-
tion can often be estimated by measuring its effect on the
plant in comparison with identical untreated plants,

In the experiment that you are about to perform, you will
test the effects of two different concentrations of an unknown
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groxth regulator. From thie measurements that you wili make on
your experimental plants, you will decfde: .

1. Whether the growth regulator that you used stimulates or
inhibits the growth of your plants in comparison with the
control plants,

2, Which of the two solutions that you used has the highest
concentratiorn,

3. How much (if &ny) the epicotyl, hypocotyl, and total
height of the plants are affected by the growth regulator.

Materials and Methods:

In this experiment you will plant seeds of
(—————_) and test the resulting plants with two different
concentrations of the gsame unknown growth regulator. People
with their last names beginning with A through L will use un-
known "A" vhile those beginning with M through 2 will use un~
known *B". Warning! One of these compounds could have a
deleterious effect on humans so wash your hands after using the
compounds,

l. Obtain 3 dixie cups, 3 wooden pot labels, and 15
seeds from lab (G-415). Take these to the BIO. 108 green-
house. A map showing you how to get to the greenhouse is posted
in 1leab on the bulletin board.

2. in the greenhouse punch at least 10 holes in the bottoms
of the cups with the needle supplied. Fill the cups to within
1/4" of the top with the soil provided. Plant 5
seeds per cup at least 1/2" deep. Water the cups until the soil
is quite damp. If any seeds become exposed, recover them with
a little more soil.

3. Place a pot label in each cup with the following informa-
tion written in pencil: the date you started, your full name,
the unknown (A or B), and the individual treatment (concentrsz-
tion #1, concentration #2, or control). You may use both sides

of, the label. A sample label might read: 1/29/63, John H. Doe, .

B#2. Place your cups in your small group assembly area on the
proper greenhouse bench.,

4. Water these cups once every 2 days to start with and
every day when the plants are well above the soil.

5. You will need 3 healthy plants per cup. Pinch off (don't
pull up) any excess plants which come up. As soor as your
plants appear above the soil you should begin your measurements.,
Take all measurements in the metric system. Measure the lengths
of both the epicotyl and the hypocotyl of all the plants every
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2 days. Also make observatidhs on the general condition, color,
and vigor of your treated plants as compared to your control
plants,

6. The method and time of treatment of your plants is posted
in the greenhouse. Be sure and use only the unknown assigned
to you.

7. At the end of the experimeni: pull up your plants, select
one representative plant from each cup, clean all the soil from
their roots, place them between old newspapers, and place books
or some other weights on them until they are dry. Glue or tape
them to sheets of white paper and label them as to treatment.
Label &1l the parts that are visible on your control plant.
Place them in the RESULTS section of your report.

RESULTS ¢

List your data in both tabular and graphic form, using the
average measurements for each cup, Place your pressed plants
here.

DISCUSSION:

This is where you should analyze your results., Discuss the
differences between the plants. Discuss whether you could de~
tect a difference between the two concentrations. What part
of the plants were most affected? A good portion of your grade
comes from the discussion, and you will find it well worth your
time to put a little thought into its writing.,

SUMMARY :

In as few sentences as possible, tell what experiment was
performed and what was concluded from the results,

LITERATURE CITED:

You should cite at least three references., Here are some
references which are on reserve for you in the library in this
building.

1. Audus, L. J. Plant Growth Substances, Leonard Hili Limited,
London and Interscience Publishers, Inc., New York, 1959,

2. Hitchcock, A. E. Tobacco as a test plant for comparing the
effectiveness of preparations containing growth sub-
stances. Contrib. Boyce Thompson Inst. 7:349-364. 1935,
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3. Leopold, A. C. Auxins and Plant Growth, pp. 3-47. Uni~-
versity of California Press, Berkeley and Los Angeles,
1955,

4. Bonner, J. and A, W. Galston. Principles of Plant Physi-
ology. W. H. Freeman and Co., San Francisco, 1952.

SPECIAL NOTE:

This instruction handout was done in the same form which
you should use for your reports.

‘
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Chapter V
OPERATIONAL ASPECTS

The operation of any course of necessity reflects the spe~
cific ideas and attitudes of the individuals who are presenting
the course. The information in this chapter represents the
opinion of the senior author as it has been modified by the ex-
perience of teaching a freshman botany course over a period
of 14 years plus many ideas and procedures suggested by teach-
ing assistants, students and other personnel associated with
the course.

The following items are by no means a reguiremert to the
success of the audio-tutorial system and should not be con-
strued as a vital component of the approach. The course ox
which this information is based is a freshman botany course at
Purdue University. The enrollment over the past 14 years has
varied from 150 to as much as 480 students. It is a 4-hour
credit course required for agriculture students, pharmacy
students, forestry students, and may be taken 2s an elective
by liberal art students. Conventionally, the course was taught
by two 1-hour lectures per week, one 1-hour recitation, and
one 3-hour laboratory per week.

Under the integrated experience system used at Purdue
University, students enroll for 1 hour of general assembly per
week, scheduled, 2 hours of small assembly, scheduled (only
one of which is used), and 3 hours of laboratory, hours to be
arranged. The students will be expected to attend only two
scheduled sessions during the semester, that is, the 1 hour of
general assembly and 1 hour of small assembly. The extra
hour of small assembly for which they are registered and
scheduled will not meet except on special occasions at the be-
ginning of the semester. This will be a getting acquainted
session and used to introduce the students to the procedure of
the course. Therefore, the students have a four hours con-
ventional equivalent which is arrange hours to be accommodated
in the independent study session in the learning center.
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Teaching Personnel

The course is in charge of the senior instructor, S. N.
Postlethwait, Professor of Biology, who is the only instructor
of professorial rank. Other personnel include Mr, H. T.
Murray, a full-time instructor, eight half-time teaching as-
sistants equivalents (these teaching assistants are working
1/4, 3/4 or full time), two undergraduate assistants and about
half-time secretarial help.

The senior instructor has the over-all responsibility for
the course. The general organization and planning of course
content, procedures, timing of tests and items of this nature
are decided upon by the senior instructor. His contact time in-
cludes being in charge of all of the general assembly sessions,
meeting of all the students in the first small assembly session
to introduce them to the course and to become acquainted (14-15
sections), 2 or 3 small assembly sessions on a scheduled basis,
and 2 or 3 hours of contact time in the independent study ses-
sion as monitor of the learning center. In addition, the senior
instructor meets with 211 the students in small groups of 10 on
an informal get-acquainted basis for 15-minute sessions at the
beginning of the course and attends all briefing sessions for the
personnel. The total contact time of the senior instructor is
six or more hours per semester. The senior instructor pre-
pares all of the audio tapes and prepares instructional materials
used in the general assembly session.

The full-time instructor in the course, Mr. Murray, super-
vises the preparation of all other materials in the course. He
is responsible for the writing of homework problems, test
questions, setting up the practicals, planning and providing ma-
terials for miniature research problems, supervision of the
preparation of independent study materials, and scheduling of
work assignments. His student contact includes regularly
scheduled small assembly sessions and monitoring the inde-
pendent study session eight or more hours per semester, and
occasionally he substitutes for the senior instructor in the gen-
eral assembly session,

Most of the teaching assistants are working on either MS
or PhD degrees. At the beginning of each semester each teach-
ing assistant is assigned one or two units of study as his re-
sponsibility for preparation of materials for the independent
study session. It is expected that he will listen tc the tapes
over the units assigned to him and become completely familiar
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with the materials necessary to be used for demonstration and
experimentation for that particular unit. He supervises the
growing of any live specimens necessary, makes sure that ap-
propriate materials are available, places purchase orders for
needed items, and develops other materials as needed, Under
the direction of the full-time instructor, Mr. Murray, he plans
the arrangement and distribution of materials on the demonstra-
ticn table and within the booths. He can develop new innova-
tions or variations of the original experiments where feasible
and within the limitations imposed by the basic tape and budget.
He is responsible for setting up the one booth as a guide for
duplication by undergraduate help and is responsible for the
maintenance of all materials on display during the time it is in
use. He is further responsible for the disassembling and stor-
ing of these materials at the end of the presentation of his unit.
His contact will include one or more small assembly sessions
(after he has had 1 semester's experience as monitor in the
independent study session) and several (8-10) hours as monitor
in the independent study session. His total contact time will
equal 10 hours per week."New teaching assistants are required
to attend the general assembly session. It is anticipated that
each teaching assistant will spend 10 hours per weel in prepa-
ration which makes his work load about 20 hours per week.
Naturally, during the week he is responsible for materials in
the independent study session, his hours of work exceed the 10
hours per week preparation but a lighter work load for other
weeks compensate for the extra time. His grading responsi-
bilities involve the evaluation of students on oral exams, grad-
ing of one or two special questions weekly on the small assembly
session quiz, grading his SAS section's research projects and
entering final grades for his SAS students.

Undergraduate teaching assistants do much of the routine
grading and menial tasks around the laboratory, such as wash-
ing of dishes, duplication of materials in booths, tearing down
the booth and demonstrations, and work of this nature. On oc-
casion they are brought in to assist the monitor in the inde-
pendent study session at overflow times and when many students
are taking quizzes.

The secretary, Mrs. Margery Booth, does nearly all of the
clerical work involved in the course. She records all grades
on 2 master card which is retained in her office. At mid-
semester and at the end of the semester she makes a tabulation
of the scores of all students and on the basis of a percentage
point indicates a tentative grade. She makes up all mid-semes-
ter reports of unsatisfactory work for the signatures of the
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instructors who have charge of these students in SAS, and pre-
pares the final grade cards for entry of the final grade. Al-
though attendance is not required and absences are not penal-
ized by the lowering cf the grade, still it is desirable under
this system to keep close check on the activities of the various
students. Students who are doing poorly in the course and are
excessively absent are reported to the Dean by the secretary.

The total number of teaching personnel and its composition
is the same as that used previously under the conventional ap-
proach. The kinds of responsibility and the nature of the work
load however are somewhat different in that each category of
individuals associated with the course now has become some-
what more specialized and can be more creative in developing
their area of contribution. It is possible under the integrated
experience system to teach as effectively as with the conven-
tional system using less personnel. However, the use of audio
tape has in no way eliminated the desirability of having avail-
able teaching staff for personal contact with the student. Ob-
viously the more instructors availablevp the student, the better
the job can be done. There are many occasions where it is

* well to have two teaching assistants on duty in the independent

study session, especially during the hours when much quizzing
is involved. Undergraduate teaching assistants can be used on
these occasions quite effectively, and it is feasible to have some
of the better students taking the course to assist. In situations
where only undergraduate personnel is available, the audio-
tutorial system provides the advantage of having all students
exposed to consistent information presented by the senior in-
structor. Thus, while the integrated experience system pro-
vides an opportunity for reduction of total personnel, it does
not mean that this is a requirement. It enables the personnel
who are operating to make more meaningful and direct contact
with the pertinent problems of the students.

All people assisting in the course meet for one hour per
week to discuss the activities of the past week and to prepare
for the work of the coming week. The necessary work is not
always accomplished in one hour of meeting, of course, and
it is not expected that the total preparation of each individual
for the following week is to be included here. It is anticipated
that everyone will have listened to the tape on his own time
and will have performed the exercises made available to the
students. All instructors are expected to have read all the
Scientific American articles and text assignments. The listen-

ing to the tape and performance of the exercises for the week's
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work gives consistent preparation for all the teaching assistants
and should result in more consistent dissemination of informa-
tion to the students,

The reaction of teaching assistants to the approach has
been thoroughly positive. The significance of their role in the
progress of the student has not been reduced but has been en-
hanced through the use of tapes. Their activities are now
creative ones in the planning and development of their unit of
work, and their teaching activities are now much more satisfy-
ing than under the conventionaf system.

Monitoring of an independent study session is a unique
teaching experience. The teaching monitor is surrounded by
a group of students all of whom' are in attendance because they
have chosen to be there at that particular time, and all know
what they are to be doing and are setting about to complete
their study as rapidly and <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>